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SUMMARY

In June 1985,AMETEK/ORED was tasked to develop a design for a
robotic firefighting system to combat fires too dangerous for
conventional equipment and personnel. The primary subject of
concern is a circumstance when explosion of ordnance becomes a
threat because of fire exposure on an aircraft. Many concepts
were investigated to satisfy design criteria established early in
the project. These conceptual studies indicated the need for a
relatively small, six-wheeled vehicle equipped with multiwheel
drive, self-righting features, boom-mounted nozzle, and a boom-
mounted SPAATq' tool with halon storage teanks which could be
supplied with firefighting fluid by relaying it from an existing
type firetruck located a safe distance from the hazard. A
special hose management trailer module would be employed to
control deployment of hose both from the remote control station
and to the remote vehicle. Radio frequency control signal
transmission was selected to eliminate the possibilities of
control umbilical entanglement.

Upon completion of the design studies, critical components were
scheduled to undergo shop bench tests to verify feasibility for
future applications on prototype or production systems.

Alternatively, it was decided to fit these and other critical
components on a Government-Furnished Equipment (GFE) P-4
firetruck. The modified truck became a Feasibility Demonstration
Model to verify concept validity as well as component
Derforman7e. A radio frequ&ncy link for data and visual
information was selected. The truck was self contained with
respect to firefighting agents and a halon/SPAAT® system was not
included.

Numerous subsystem and global system tests were completed at
AMETEK/ORED facilities in preparation for an official
demonstration to the Air Force.

In June 1987, the modified P-4 vehicle, with its specialized
portable remote control console, was transported to Vandenberg
Air Force base in California. In cooperation with the base
firefighting crew, a series of firefighting training exercises
was performad. These exercises at the aircraft fire training pit
educated the AMETEK/ORED system operators in the details of
aircraft firefighting. These exercises revealed performance of
the remote system to be outstanding and in some ways superior to
conventional methods.
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On 18 June 1987, a team of selected Air Force evaluators was
assembled at the Vandenberg AFB pit area and they witnessed a
demonstration of the equipment and remote firefighting
operations. The remotely operated system extinguished the 600-
gallon. JP-4 fuel fire, engulfing the simulated medium bomber,
efficiently and rapidly.

AMETEK/ORED completed those original contract requirements, which
remained pertinent, as requested by the Air Force during the
course of the program. AMETEK/ORED accommodated changes
associated with the P-4 feasibility demonstration model and
completed design, fabrication and testing as requested.
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PREFACE

This technical report was prepared by AMETEK/Offshore Research and
Engineering Division (ORED), Santa Barbara, California 93160-6447, under
Contract Number F08635-85-C-107, for the Air Force Engineering and Services
Center, Engineering and Services Laboratory (AFESC/RDCF), Tyndall Air Force
Base, Florida 32403-6001- This work was co-sponsored by AFSC AD/PMR and AFSC
AD/JAN Eglin AFB, Florida 32542-5000.

Mr. Joseph L. Walker and Mr. Richard N. Vickers, were the project officers
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and July 1987.

This report has been reviewed by the Public Affairs Office (PA) and is
releasable to the National Technical Infomation Service (NTIS). At NTIS, it
will be available to the general public, including foreign nationals.

This report has been reviewed and is approved for publication.

R T J. MAJKA, tonel, USAF
Project Officer Chief, Engineeri Pg Res arch Division

A LAWRENCE D. HOKANSON, Colonel, USAF
ief, Fire Technology Branch Director of Engineering and Services

Laboratory
Accesion For

NIS CFRA&I
D ".TIC I AHOTM,"' U: 0- ,Y 'iced

COPY J~Ii~II

By

DIt ibrito:11

,, t! !.ty Codes
, ;.' .dldr

jt .,; '~a

(The reverse of this page is blank.) "i



TABLE OF CONTENTS

Section Title Page

I INTRODUCTION .................................. 1

A* OBJECTIVE ............................. 1

Be BACKGROUND ................................ 1

C. SCOPE/APPROACH .......................... 3

II DESIGN STUDIES OF STATE-OF-THE-ART

ROBOTIC FIREFIGHTING SYSTEMS ................. 4

A. DESIGN CRITERIA ........................... 4

B. DESIGNS INVESTIGATED ...................... 13

C. SELECTED CONCEPTUAL DESIGN ................ 29

III DESIGN AND FABRICATION OF REMOTE CONTROLLED

P-4 FEASIBILITY DEMONSTRATION MODEL .......... 31

A. DESIGN .................................... 31

B. FABRICATION ..................... . ...... . 33

C. DRAWINGS .................................. 3 3

D. PHOTOGRAPHS .................... .... ..... . 45

IV COMPONENT AND IN SITU SYSTEM TESTING .......... 64

A. BENC. TESTS OF CRITICAL NOVEL COMPONENTS .. 64

B. SIMULATED FIELD TESTING OF COMPONENTS ..... 64

C. VEHICLE DRIVING SYSTEMS TESTING ........... 64

D. FIREFIGHTING SYSTEMS TESTING .............. 64

E. COMPLETE SYSTEM TESTS AT AMETEK/ORED ...... 64

v



TABLE OF CONTENTS

(Concluded)

Section Title Page

V VANDENBERG AFB TRAINING AND DEMONSTRATION ..... 65

A. PREPARATION TESTING AND TRAINING .......... 65

B. OFFICIAL DEMONSTRATION .................... b5

VI REFURBISHMENT OF P-4 ... ..... ....... ... ..... 69

A. EQUIPMENT REMOVAL ......................... 69

B. EQUIPMENT PACKAGED ........................ 69

C. P-4 RETURNED ...................... ....... 69

VII CONCLUSIONS AND RECOMMENDATIONS ............... 70

A. FEASIBILITY DEMONSTRATION
MODEL CONCLUSIONS ....................... 70

B. PROJECT CONCLUSIONS ....................... 71

C. PROJECT RECOMMENDATIONS ................... 71

APPENDIX

A CONCEPT FEASIBILITY RE7IEW ................ 73
3 OCTOBER 1985

B ENGINEERING CHANGE PROPOSALS .............. 91

C FDM EQUIPMENT DATA SHEETS ................. 103

vi



LIST OF TABLES

Table Title Page

1 REMOTE FIREFIGHTER SYSTEM ................. 5

2 DANGER AREAS AND APPLICABILITY ............ 7

3 OPERATIONAL SCENARIOS ..................... 10

(The reverse side of this page is blank)

vii



LIST OF YIGURES

Figure Title Page

1 Portable Operator's Booth .................... 14

2 Portable Operator's Bench .................... 16

3 Portable Table Top Console ................... 17

4 Portable Freestanding Two-Operator Station ... 18

5 Towable Advanced Operators Unit .............. 19

6 Anthropomorphic Type Robotic Firefighter ..... 21

7 Nursed Firetruck P-19 ........................ 22

8 Nursed P-19 in Hazardous Area ................ 23

9 SPAAT Boom Option ... ...................... 24

10 Towed Robotic Firefighter System ............. 25

11 First Generation ROV Tractor System ........... 26

12 ROV Tractor System Deployment Pattern ........ 27

13 Self-Contained ROV Tractor/Halon Trailer ..... 28

14 Second Generation ROV Tractor System ......... 30

15 Remotely Operated Firetruck FDM .............. 32

16 Vehicle Cab Remote Control Equipment Layout .. 35

17 Control Console Layout ....................... 37

18 Vehicle Remote Control Equipment Block ....... 39
Diagram

19 Control Console Electrical Block Diagram ..... 41

20 Pneumatic Diagrams ........................... 43

21 Modified P-4 Firetrucks ....................... 46

22 Ramote Controlled Nozzle Assembly ............. 46

23 Remote Control Nozzle Details ................. 47

24 Brake and Throttle Actuators .................. 47

ix



LIST OF FIGURES - (Concluded)

Figure Title Page

25 Steering Actuator w/Cover .................... 49

26 Steering Actuator Drive Train ................ 49

27 Remote Controlled Shifter .................... 50

28 Fixed Forward Viewing Driver's Camera ........ 50

29 Pan and Tilt Camera Assembly ................. 52

30 Video Converter .............................. 52

31 Video Transmitter ............................ 53

32 Vehicle Status Indicator Display ............. 53

33 Water and roam Sensors ....................... 55

34 Firefighting Agent Select R.C. Valves ........ 55

35 Windshield Spray R.C. Valves ................. 56

36 Windshield Wiper R.C. Valves ................ 56

37 Parking Brake R.C. Valves .................... 58

38 Engine St&rt/Stop Relays ..................... 58

39 Actuator Driver Signal Conditioning Circuits . 59

40 Signal Processing Cabinet .................... 61

41 Remote Control Console Storage Configuration . 62

42 Back Panel of Console ........................ 62

43 Front Switch Panel ........................... 63

44 Console Operators Panel ...................... 63

45 Demonstration Remote Cc%.trol Station ......... 66
and Operators

46 Demonstration Remote Control Console ......... 66

47 Igaited Fire and Vehicle Approach ............ 67

48 Commencement of Spray Sequence ............... 67

49 Spray Sequence Near Completion ............... 68

x



SECTION I

INTRODUCTION

A. OBJECTIVES

1. Special-Purpose Remote Firefighter

Identify the most desirable conceptual design for
development of a special-purpose remote firefighter.

2. Remote-Controlled P-4

Identify and implement a suitable design to allow
wireless remote operation of an Air Force P-4 firetruck. This
specially equipped P-4 is considered a Feasibility Demonstration
Model (FDM) and will verify critical control components, as well
as overall system proof-of-concept.

B. BACKGROUND

1. Recognized Need

Historic Air Force events indicate the need to be able to
conduct firefighting activities near active weapons systems
without endangering firefighters. Aircraft weapons and fuel
systems require firefighters to be at least 2,000 feet away to be
statistically "safe." This requires remote-controlled systems.

2. Concept Studies (Phase I)

Studies began on 27 May 1985 and continued until 3
October, 19S5. These studies vere accelerated from the planned 9
months to 4 months to conform to project funding requirements.
Detailed subsystems analyses were performed to identify
technologies suitable for mobility, firefighting, control/
feedback, power and man-machine interface. A baseline concept
was developed and recommendations regarding technical direction
were provided. The Concept Feasibility Review report for 3
October 1985 is included as Appendix "A" for further details of
Phase I findings.

3. Feasibility Demonstration Model P-4 (Phase II)

It was decided that greater benefits would be provided by
outfitting an existing P-4 for remote controlled operation. A
no-cost Engineering Change Proposal (ECP) was submitted on 28
January 1986 (see Appendix "B") and later approved to allow the
study of the P-4 firetruck and the design of a wireless remote
control system. The Goverrnment-Furnished Equipment (GFE) P-4
firetruck was delivered to AMETEK/ORED from Edwards Air Force
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Base (AFB) on 19 June 1986. Investigations revealed that it
would be more cost-effective to substitute an electrically
controlled unit for the manual turret. An ECP for the value of
the replacement nozzle was issued on 25 August 1986, and approved
on 4 December 1986 (see Appendix B). During the first interim
Phase II review meeting, 3-4 September 1986, significant
enhancements to the FDM systems were proposed. An ECP was issued
on 14 November 1986 to provide funding for the enhanced features,
but was not received and these features were not included in the
final FDM. During the second interim Phase II on 20 February
1987 a Multiple Commercial Transmitter (MCT) data link was
approved for FDM use and the official demonstration was scheduled
for Vandenberg AFB in June 1987. Phase II was completed on 20
February 1987 with the finalization of the preliminary FDM design
and critical component development.

4. FDM Design, Fabrication, Test and Demonstration
(Phase III)

Remote control components were received, truck fixtures
and the control console were fabricated and subsystem testing was
performed at AMETEK/ORED facilities. Notification of reaching
the 75 percent completion of project fui;ding point was provided
to the Air Force in April 1987. A Defense Contractor Auditor's
audit was conducted on 20 May 1987 and results were satisfactory.
An interim review was conducted on 28 May 1987 to review FDM
design, fabrication, and testing. The major components of the
remote-controlled P-4 were demonstrated to the Air Force project
manager at AMETEK/ORED's facilities. Test plans for Vandenberg
AFB demonstrations were also completed at this interim meeting.

The P-4 vehicle and support system were transported to
Vandenberg AFB 10 June 1987. Numerous Training exercises were
conducted at the firefighting training pit during the following
week. The official demonstration was performed on 18 June 1987.
The FDM successfully demonstrated that a remote-controlled
firetruck could be effective and safely extinguish typical
aircraft fires. Several Air Force observers felt that the FDM,
equipped with a unique nozzle, was actually more effective at
firefighting than current conventional equipment and teams.,

Following the demonstrati..on, the P-4 was transported to
AMETEK/ORED facilities, refurbished to "as-received" condition,
documented, and prepared for return to the Air Force on 8 July
1987.

The final report was developed in July-August 19P'.

All phases of the contract were completed successfully
within the proscribed budget by AMETEK/ORED.

2



C. SCOPE/APPROACH

1. Conceptual Studies

Phase I studies were performed based on literature search
methods and the application of engineering experience.
Illustrations were used to convey the concepts to the Air Force
Program Manager(s).

2. Preliminary Design (P-4)

Potential components suppliers were queried regarding
performance specifications and component packaging. The results
of these investigations yielded a system design which was
presented to the Air Force Program Manager for approval to
complete the detail design.

3. Detail Design (P-4)

Remote control components were selected and procured.
"Detail" installation sketches were provided to senior
technicians to create prototype fixtures, mounting and electrical
wiring. Integration of the design components required that
several specialized circuit boards be designed.

4. Shop Fabrication and Fit (P-4)

Based on the "detailed design sketches" and hardware
provided, the technicians installed the remote systems. The
components were then tested on a subsystem basis. Minor
alterations and adjustments were then made.

5. System Testing and Demonstration (P-4)

The vehicle and control console were tested at the
AMETEK/ORED facilities to confirm the complete system
performance. Upon completion of in-house tests the system was
transported to Vandenberg AFB, where, firefighting training was
conducted at the fire training pit. Successful trial
firefighting exercises confirmed readiness for the official
demonstration.

6. FDM Documentation

System and subsystem drawings were completed.
Photographs of critical system components were collected to
document design details of "as-built" components.

3



SECTION II

DESIGN STUDIES OF STATE-OF-THE-ART
ROBOTIC FIREFIGHTING SYSTEMS

A. DESIGN CRITERIA

The following criteria were established from a number of
sources during the course of the study and the source is noted
when applicable.

1. Firefighting Agent Supply

The contract Statement of Work (SOW) requires that the
Robotic Firefighter system function without external support.
Because of the highflow requirements for water/Aqueous
Firefighting Foam (AFFF) extinguishing agent, up to 250 gpm in
the SOW and 500 gpm per technical direction, it is impractical to
carry the supply of water/AFFF on the Robotic Firefighter.
Provision of a new vehicle to act as a source of AFFF for the
Robotic Firefighter is unwarranted, because existing vehicles can
provide the requisite AFFF without modification- Therefore, the
technical direction given during the Kickoff Meeting at Tyndall
AFB, FL on 2-3 July 1985, included a provision that the
water/AFFF would be supplied by suction/pumping from existing
firefighting vehicles. Otherwise, the system was to be
completely self-contained.

a. Existing Equipment Survey. Only equipment which is
both currently used by Air Force (AF) Fire Protection Services
field units, ani relevant to support of the Robotic Firefighter
system is described herein.

b. P-2 Crash Truck. P-2 Crash Truck specifications
relating to supplying the Robotic Firefighter are discussed
below:

The P-2 Crash Truck carries 3,000 gallons of
water/AFFF (mixed during dispensing), and can be pumped from an
external water source such as a water hydrant.

Pumping pres3ure and flow output are up to 1,500 gpm
at 280 psi. This provides more flow than required for the
Robotic Firefighter. However, depending upon the run distance
and the diameter of hose used between the supply vehicle and the
Robotic Firefighter, the pressure at the nozzle outlet on the
Robotic Firefighter might be reduced below reasonable operational
limits (150 psi).

The P-2 Crash Truck can travel in excess of 35 mi/hr
on dry hard surfaces such as roads, ramps, runways, and taxiways.
In rough terrain its speed may be reduced, to less than 5 mi/hr.
These performance ratings are compatible with the P-2 firetruck's
expected support role with the Robotic Firefighter system.
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c. P-4 Crash Truck

P-4 Crash Truck specifications relating to supplying
the Robotic Firefighter are discussed below:

- The P-4 Crash Truck carries 1,500 gallons of water/AFFF (mixed
during dispensing), and can pump from an external water source
such as a water hydrant.

-The pumping capabilities for the P-4 are identical to those for
the P-2. All the comments about supplying the P-2 apply to the
P-4.

Similarly, the hard surface and all-terrain
performances for the P-4 are essentially identical to those of
the P-2, except that the P-4 has slightly better rough terrain
handling characteristics. Again, th- performance ratings are
compatible with its expected support role with the Robotic
Firefighter system.

2. Aircraft

The aircraft in Table 1 must be effectively serviced by
the robotic firefighting system.

TABLE 1. LIST OF AIRCRAFT TO BE SERVICED BY REMOTE FIREFIGHTER
SYSTEM

AIRCRAFT

Tactical: Transport: Strategic:

A-7 C-5 B-1
A-10 C-6 B-52F
A-37 C-7 B-52G/H
F-4 C-9
F-5 KC-10
F-15 C-23A
F-16 C-47
F-102 C-54
F-104 KC-97L
F-106 C-i18
F-111 C-119
C-121 C-123

C-130
C-131
C/KC-135
VC-137
C-140
C-141
E-3A
E-4A
OV-102
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Table 1. LIST OF AIRCRAFT TO BE SERVICED bY R]"iAOTE FIREFIGHTER
SYSTEM (concluded)

MISCELLANEOUS
Helicopters: Utility: Army Helicopters:

UH-I U-3 HU-16
CH-3 U-4 U-17
HH-I U-6 QU-222
HR-53 U-10

Observation/ Trainer:

Reconnaissance: (No Ordnance)

0-2 T-29

OV-10 T-33

WU-2 T-34

SR-71 T-37

T-38

T-39

T-41

T-43

3. Accessibility/Hazardous Zones
Table 2 indicates danger areas and how they apply tofirefighting personnel and to a robotic firefighting system.



TABLE 2. DANCER AREAS AND APPLICA13ILITY

Applicable to
Danger Areas Personnel Rob. Fireftr.

Ordnance
Forward-Firin Weapo.w Yes No
Aft-Firing Weapons Yes No
Bombs Yes No
Explosive Cargo Yes No

Engines
Inlet Y,!. No
Exhaust Yes No
Turbine Blade Yes No

Tires Yes Yes

Canopy/Seat Ejection Yes No

Radiation - Nuc.Mat'ls. Yes No

Hazardous Materials Yes No
Chemical Weapons Yes No
Other HAZMAT Cargo Yes No
Oxygen, Liq. & Gas Yes No
Nitrogen, Liq. Yes No
Beryllium Yes No
Magnesium Yes No
Depleted Uranium Yes No
Graphite Composite Fibers

(Corker) Yes No
Hydrazine Yes No
Ammonia, Liq. & Gas * Yes No
Hydrogen, Lig. * Yes No
Nitrogen Tetroxide * Yes Io
Laser Test Bed HAZMATS Yes No

*These materials are only used on the Space Shuttle.

4. Required Personnel Clearances

The contract Statement of Work requires a 3,000 foot
offset to control the Robotic Firefighter system. AFESC/RDCS has
stated that the actual requirements are 2,000 feet for personnel
in general and 1,200 feet for fire personnel.
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5. Means for Determining Offset Distance During Approach

What AFESC wanted was a system to indicate horizontal
closure distance (direct line) between the Robotic Firefighter
system and the crash/fire site during approach, so that the
control unit could be deployed at the minimum safe clearance
distance from the crash/fire site. This system must have an all-
weather, all-terrain, night-day capability.

6. System Packaging/Configuration

The SOW specifies that the system shall be designed for
installation in a DOD Standard Family Mobile Tactical Structure,
and be air-transportable in a C-130 aircraft in accordance with
MIL-STD-8421 equipped with a A/A32H-4 dual-rail cargo-handling
system without component removal.

During the 2-3 July 85 Kickoff Meeting, AFESC/RDCS
clarified the technical requirements to specify a modular
deployment and packaging concept, not necessarily tied to the DOD
Standard Family Mobile Tactical Structure. Based on AFESC
guidance, artist's concepts of two-system packaging
configurations were prepared and forwarded to AFESC on 18 July
85. AFESC/RDCS expressed a preference for a particular concept
as a conceptual baseline for the system packaging/configuration
and deployment concept.

Ultimately, the system configuration will be determined
by design studies. The operational requirements set basic
constraints on the configuration.

7. Lift/Carry Capability and Speed

There are no SOW requirements, other than lift and
carrying capability which specify any capabilities for lifting,
carrying, or speed.

Any requirements for lifting and carrying must arise from
the study of operational requirements, e.g., if operational
personnel strongly identify a need to pick up and clear ordnance
or debris which has become detached from the aircraft.

Speed requirements will be established by the operational
timelines and perhaps existing or new directives. During the 2-3
July 85 Kickoff Meeting, AFESC/RDCS established a design goal
deployment speed of 35 mi/hr to traverse the distance between the
control site and the crash/fire site. This may be further
clarified through visits to operational organizations.

It is assumed that the speed requirements during
operation at the crash/fire site are generally much lower, than
the stated upper limit.

8



8. Debris

The SOW requires that the Robot traverse crash debris up
to 18 inches by 18 inches by 24 inches.

"Traverse" implies that the robot unit must climb over
such debris. The definition of "traverse" is loosely interpreted
to include concepts such as plowing lighter debris out of the way
and moving around debris.

9. Bomblet Detonation Hardening

The SOW requires the tether and robot be protected
against damage frox bomblet detonation within 10 feet and 6 feet,
respectively. Taking clarification from the 2-3 July 85 Kickoff
Meeting at AFESC, the tether (control cable) and robot must be
hardened to withstand a bomblet detonation at contact.

AFESC's guidance stated that the tether-hardening
requirement applied only to a control/feedback signal cable, if
used, i.e., if control/feedback are not wireless. AFESC/RDCS
strongly favored a wireless link for control/feedback signals.

AFESC described the robotic hardening requirement as
applying to the track/wheels/tires at bomblet detonation on
contact. The undercarriage must withstand this detonation and
isolate components of the robot from damage. It is assumed that
the control unit does not require such hardening.

10. Operational Scenario

From SOW guidelines, AFESC/RDCS technical guidance, and
survey of Field Air Force Fire Protection Service equipment,
procedures, and recommendations, a matrix of aircraft/ordnance
Operational Scenarios was developed. These are categorized by
aircraft general typ. and the location of the incident.

Additional potential applications were also identified,
some of which may involve compromise or extension of the basic
capabilities of the system required for the "primary mission."

a. Guidelines and Assumptions

(1) Statement of Work (SOW)

The conditions mandating employment of the
Robotic Firefighter system, as described in the contract involve
the imminent threat of explosion of ordnance subjected to fire
exposure on aircraft.

9



The SOW includes, more generally, any situations
in which the human firefighters may be subjected to unusually
hazardous environments, and involves not only direct firefighting
but also salvage and overhaul.

The SOW also refers generally to replacing human

firefighters in "extremely hazardous environments."

(2) Assumptions

The "primary mission" of the Robotic Firefighter
system is to fight and control fires, and to cool ordnance to
prevent cook-off, for aircraft carrying ordnance when
firefighting personnel must be evacuated.

The range of employment for the primary mission
extends to the flight line, runway and taxiways, and the terrain
in the vicinity of the runways and taxiways.

(3) Primary Mission Operational Scenarios

The Operational Scenarios which satisfy the
Primary Mission criteria are listed in Table 3. Elements in the
Table represent combinations of aircraft and locations for
incidents. The following paragraphs, numbered to reference
elements in the '-ble, describe the scenarios.

The first three columns in the table address
the three basic categories of aircraft types in the Air Force, AF
Reserve, and Air National Guard inventories, whIle the fourth
column covers any other aircraft not included in the other
categories, e.g., Helicopters.

TABLE 3. OPERATIONAL SCENARIOS

Incident Tactical Strategic Transport Miscel.
Location Fighter Bomber Aircraft Aircraft

Flight Line IA IB IC ID

Runway or IIA IIB IIC IID
Tagiway

Airfield IIIA IIIB IIIC IIID
Off Runway

Off Airfield NR NR NR NR

10



NR Represents Not Required, i.e., the Robotic Firefighter
system will not be required to respond to a crash
outside the aircraft perimeter.

IA A Tactical Fighter with ordnance mounted catches fire
on the Flight Line. Flames impinge on ordnance for 2
minutes and personnel must be evacuated.

IB A Strategic Bomber with weapons aboard catches fire on
the Flight Line. Flames impinge on wing-mounted
ordnance or an internal fire involves the bomb bay so
that personnel must be evacuated.

IC A Transport Aircraft with weapons/explosive aboard
catches fire on the Flight Line. An internal fire
involves the explosive cargo so that personnel must be
evacuated.

ID Another type of aircraft, e.g., a Helicopter, carryi.ng
ordnance catches fire on the Flight Line. Flames
impinge on the ordnance for 2 minutes so personnel
must be evacuated.

IIA A Tactical Fighter with ordnance aboard crashes on the
Runway and catches fire. Personnel cannot approach
because of flames impinging on ordnance. Debris may be
scattered on the runway.

IIB A Strategic Bomber with weapons aboard crashes on the
Runway and catches fire. Personnel cannot approach
because of fire impinging on underwing ordnance o. an
internal fire involving weapons in the bomb bay.
Debris may be scattered on the runway.

IIC A Transport Aircraft carrying weapons or explosives
crashes on the Runway and catches fire. Personnel
cannot approach because of an internal fire involving
weapons or explosive cargo. Debris may be scattered on
the Runway.

IID Another type of aircraft, e.g., a Helicopter, carrying
ordnance crashes on the runway and catches fire.
Personnel cannot approach because of the flames
impinging on ordnance. Debris may be scattered on the
runway.

IIIA A Tactical Fighter with ordnance aboard crashes on the
Airfield but off the runway and catches fire.
Personnel cannot approach because of flames impinging
on ordnance. Terrain may be rough, sloping, soft,
muddy, icy, and/or covered with snow. Potentially,
there may be intervening brush and trees. Debris may
littar the crash site.

11



IIIB A Strategic Bomber with weapons aboard crashes on the
Airfield but off the runway and catches fire.
Personnel cannot approach because of fire impinging on
underwing ordnance or an internal fire involving
weapons in the bomb bay. Terrain may be rough,
sloping, soft, muddy, icy, and/or covered with snow.
Potentially, there may be intervening brush and trees.
Debris may litter the crash site.

IIIC A Transport Aircraft carrying weapons or explosives
crashes on the Airfield but off the runway and catches
fire. Personnel cannot approach because of an internal
fire involving weapons or explosive cargo. Terrain may
be rough, sloping, soft, muddy, icy, and/or covered
with snow. Potentially, there may be intervening brush
and trees. Debris may litter the crash site.

IIID Another type of aircraft, e.g., a Helicopter, carrying
ordnance crashes on the Airfield but off the Runway and
catches fire. Personnel cannot approach because of
flames impinging on ordnance. Terrain may be rough,
sloping, soft, muddy, icy, and/or covered with snow.
Potentially, there may be intervening brush and trees.
Debris may litter the crash site.

IVA Through IVD. Any aircraft carrying weapons, ordnance,
or explosives crashes off the Airfield and catches
fire. Personnel cannot approach because of fire
involving the weapons/ordnance/explosives. It is
assumed that the operational requirements for the
Robotic Firefighter system do not include employment at
crash sites off the airfield.

(4) Composite Primary Mission Operational Scenarios

The following composite scenarios are intended
to illustrate the combination of worst-case conditions in
specifics to serve as a foundation for development of the
operational envelope. Other scenarios such as that described in
the SOW contain elements of the composite scenarios, but are less
complex; a system designed to operate in the composite scenarios
should be able to handle any of the "primary mission" scenarios.

(a) A fighter aircraft (F-16) skids off the
runway into rouqt terrain (sandy, brushy, undulating), with foul
weather (ice and snow) at night, and catches fire. Pilot
escapes. Conventional and special weapons are involved in the
fire. Debris and bomblets are scattered about.

(b) A Bomber aircraft (B-52) similarly skids
off the runway into rough terrain (muddy, swampy and brushy).
Crew is evacuated. An internal fire involves nuclear weapons.

12



(c) A cargo ai:craft (C-5) carrying munitions
(conventional and special weapons) crashes and skids off the
runway. Crew is evacuated. An internal fire engulfs the cargo,
and the access to the fuselage is exposed to heat from an
external wing fire. Debris is also present.

(5) Secondary Mission Operational Scenarios

Additional potential applications, or "secondary
mission" operational scenarios, were also identified:

(a) involving employment of the system in areas
other than in the vicinity of the airfield, either on remote
areas of a large installation or off the installation;

(b) involving utilization of the system to
augment conventional firefighting personnel, equipment, and
procedures during scenarios not involving imminent threat of
explosion of ordnance, i.e. not requiring evacuation of
firefighting personnel from incident site;

(c) involving ordnance not mounted on aircraft,
but carried in trucks on an installation -- here the purpose
would be to prevent explosion of the truck in a fire where there
could be extensive collateral damage; and;

(d) not involving ordnance, but haza'dous
materials either on an aircraft or elsewhere on the installation,
where the Robotic Firefighter might be sent in to survey the
situation, and potentially to take counter measures, prior to
dispatching personnel to the site.

B. DESIGNS INVESTIGATED

A number of conceptual designs were developed before
selecting the most desirable concept. This concept is presented
in the Concept Feasibility Review included in Appendix "A."
Conceptual design robotic firefighting systems are generally
broken down into two separate portions, the operator's control
station and the remote firefighting vehicle. Although they are
generally separate portions, they must be carefully integrated to
provide an efficient deployment package.

1. Operator's Control Station

a. Portable Operator's Booth

This control station is presented in Figure 1. The
operator(s) control the remote vehicle from a portable "room."
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b. Portable Operator's Bench

This station shown in Figure 2 is operated by
straddling the "bench" facing the monitor. This design offers
good stability and light weight for a self-contained unit.

c. Portable Table Top Console

This concept is depicted in Figure 3. Multiple
operators can use this portable system after placement on an
available table top surface and deployment of the foot
controllers. This unit would be the lightest and more versatile.

d. Portable Freestanding Two-Operator Station

Figure 4 shows a two-place unit which is freestanding
with collapsible legs. A conventional diver's steering wheel and
foot pedals are employed.

e. Towable Advanced Operator's Unit

This concept is displaypd in Figure 5. Advance te.e-
presence technology is employed for a maximization of state-of-the-
art feed Insert Figure 1 back and control. Multiple monitors, stereo-
scopic vision, slave manipulation control for hand (firefighter nozzle)
and head (firefighter camera(s)) are a number of the subsystems to
be incorporated in this unit.
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Figure 3. Portable Table Top Console.
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2. Remote Firefighting Vehicle

a. Anthropcmorphic Type Robotic Firefighter

An advanced tethered robotic firefighter supplied
with firefighting agents and control signals, as shown in Figure
6, was studied. Motion platform, manipulator and optics are all
current technology. Tether management for this type of system
with an integral fluid hose was judged difficult. Development
and production of such a special purpose seldom used system would
be expensive.

b. Remotely Operated Firetruck with Auxiliary Agent
Supply

Figure 7 depicts a P-19 (or P-4) fire truck remotely
operated from a console as presented in Figure 2. The firetruck
is nursed from a larger supply such as a P-2 tanker truck. For
these conceptual studies, nursing was considered a requirement to
provide the volume and rate of firefighting agent proscribed by
the Air Force. The "safe" distance of remote operation was
dictated by Insert Figure 6 the Air Force to be 2,000 feet to
reduce risk to operators to the lowest practical. Figure 8
depicts the remotely operated firetruck close to a live weapons
hazardous area. Figure 9 represents the same concept with the
addition of a remote-controlled boom with a SPAATO penetrator
tool fixed at the end.

c. Special-Purpose Robot Units

Several variations of this theme were considered.
Figure 10 indicates a six-wheeled unit transqorted to- the
deployment site in a towed-van unit which cohtains the operator's
station. The robot unit pulls the hose trailer unit to an area
near the fire. Upon disconnection, the base trailer unit deploys
hard hose as required by vehicle movement.

Figure 11 shows a slightly different version where
the robot unit tows the hose trailer unit to a safe location,
drops off the control unit and proceeds into the hazardous area
in the same manner as described for Figure 10.

Figure 12 indicates the general arrangement of the
deployment pattern for equipment in Figures 1C and 11.

A radio-controlled unit without a nursing hose was
investigated and is represented in Figure 13. The robot unit
tows a self contained halon supply tank into proximity f the
fire, proceeds to the aircraft, then installs the SPAAT tool
with an articulated boom and injects halon gas.

20



Figure 6. Anthropomorphic Robotic Firefighter.
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REMOTE TV CAMERA
WITH LIGHT

ON MOUNT FIXED TO SPAAT

SPAAT
ON THREE DEGREE
FUNCTION WRIST

REMOTE FOUR STAGE
BOOM

50' EXTENSION MIN.

AGENT HOSE

REMOTE STEERABLE REMOTE TV CAMERA
LIGHTS ON STEERABLE MOUNT

AGENT HOSE REEL

REMOTE CONTROL
RADIO ANTENNA

P-19 MODIFIED FOR REMOTE
OPERATION

-MOBILITY - FOWARD/REVERSE,
SPEED, STEERING

-ROOF TURRET NOZZLE
-BUMPER TURRET NOZZLE
-BOOM ARM AND SKIN PENETRATOR NURSING HOSE

- PUMPS AND VALVES ;- FOR WATER/AFFF
- CAMERAS AND LIGHTS

Figure 9. SPAAT Boom Option.

24

I.



IA 41)

--

4J
cc 0
tu .0

0

- 44

z --

25w



Z Z

-JI

00

0 La

0

2 L~j0 (a -4
-i 1 0

U. (U
W. 04

4.)

I- U
-- I-z Li

.v0'
Ln-

26



z

2 I

4

Z 0

A A

00 c

000 III 0~
00 a ,

Uw a - 0 I0 -
IL 00 s z~ w

IL I.i 0 0 oz
4c z

fA z 0 Coa 0

'-4

IL

0'

- ,.1

27



0

.4J

04

a)

>4

U)

E9-4

0

-I

0
1

E-4

0

28-



C. SELECTED CONCEPTUAL DESIGN

Figure 14 depicts t, - favored concept to deliver the fire
extinguishing rates and volumes required. The robot unit is
enhanced over previously presented co'iepts with "picker" bar
arms and a more efficient arrangement of components. The nozzle
is fitted on to an articulated boom which was added to improve
nozzle location control. The deployment scheme is the same as
described previously for Figure 11 and represented in Figure 12.
The Concept Feasibility Review (CFR) included in the appendix
provides further details about the favored concept and reasons
for its selection.
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SECTION III

DESIGN AND FABRICATIGN OF REMOTE CONTROLLED P-4 FDN

A. DESIGN

Common design practices were employed to size and select
components. Schematics diagrams and installation sketches were
created to guide FDM fabrication efforts. Figure 15 depicts an
overall representation of the FDM remote firefighting system
final design.

1. Selection Guidelines

Special considerations governed the selection of some of
the major components and are noted in this section.

a. Steering Actuator

An actuator was selected with sufficient speed,
torque and the capability to be back-driven. The back-driven
feature allows the steering to be manually operated, and remotely
controlled. An electric rotary actuator was chosen for ease of
installation and control interfacing.

b. Brake, Throttle, Gear Shift Actuator

Electric linear actuators were selected for ease of
installation, ease of control interfacing, and suitability to
actuation motion required. The linear actuator with pull cable
action of brake allows emergency local manual override. All
three actuators were identical to minimize parts and spares. The
brake pedal speed and force, as well as the gear shift stroke
length, guided the selection of the actuator unit model.
Position control driver cards were desired for feedback control
purposes.

c. Remote Firefighting Nozzle

The FEECON remote control nozzle was selected to
conform with original manual nozzle flange. Price and other
features were attractive and approved by Air Force project
management.

d. Video Cameras and Pan and Tilt unit

Video cameras, lenses and the pan and tilt unit
were selected to provide acceptable viewing and performance.
Strong consideration was given to those components which were
available rental equipment and had reasonable costs for a short
demonstration period.
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e. Video Transmission System

A system was selected that was available for
rentals at reasonable costs with a satisfactory range and
frequency.

f. Data Transmission System

The Futaba radio transmitters were selected for
suitable range, frequency, signal security, programmable signal
loss shutdown sequence, reasonable cost and ease of adaptability
to the AMETEK/ORED control console and vehicle control circuits.

g. Vehicle Status Indicator Display

The use of individual or a series of indicator
lights viewed by the primary fixed video camera was employed to
provide critical truck feedback.

B. FABRICATION

Brackets and mounts were fabricated in-house by AMETEK/ORED
technicians. Component installations and electrical connections
were performed, based on design sketches and schematic diagrams.
Significant modifications were made to the data system units and
cameras by the AMETEK/ORED technicians to adapt the commercial
units to specific fire truck needs. Custom electrical circuits
were also fabricated by AMETEK/ORED technicians.

C. DRAWINGS

Drawings were created to document the FDM design and to allow
records of sufficient detail to re-create the FDM at some future
date.

The following drawings are included for reference:

1. "Remotely-Operated Robotic Firefighter Vehicle CAB System
Installation" D 01080-09011 Figure 16

2. "Remotely-Operated Firefighter Control Console Layout"
D 01086-89002 Figure 17

3. "Remotely-Operated Robotic Firefighter RC System
Functional Block Diagram Vehicle System" D 0180-09001
Figure 18

4. "Remotely-Operated Robotic Firefighter RC System
Functional Block Diagram Control Console" D 01000-09002
Figure 19

5. "Remotely Operated Robotic Firefighter Vehicle Pneumatic
Modifications" D 01080-09012 Figure 20

(The reverse side of this page is blank)
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PARIARKG BRAKE ELECT/PNELL VALVE KIP NO. 65U134 1) ITEM 12 MOUNTED AT, MAIN AIR TAWK
2) ITEM 1344 MOUNTED ON ENGINE
3) ITI 31 MOUNTED AT DAM OF

WNSILSPRAY ELECT/PNEIL VA.VE IP NIL 65J ANTENNA ON ROOF O3F CAB

( WINiDSHIELD WIPER ERL T/F;JE.L VALVE KIP NO. 6511

()AGENT SELECT.VATER ELECT/PNEU VALVE KIP NM. 65113

AGENT SELECTFAM ELECT/PNEU VALVE KIP NO. 65134

(INDUSTRIAL DEVICES OL
1q5 esn05o c6 rPZ-FC2-LPoI-6#

SSTEERINGE ART ARMOTOR PHI NM "G-O27 3 -

THOTTLE ATANK I. BI. LSWTCH INDUSTRIAL DEVICES NO.
IS 06010 oc rA.P3.4D

0'~ BRAKE ACTUATOR-BALLSCREW INDUISTRIAL, DEVICES NO.
__ 15D C6013 C0 1. 2-FC2-LPO-6'

CAMERA PANTILT MECHANISM TUICKSET NOL. WT30-24

SYSTEM AMR PRESS.-SVITCH DELAVAL/BARKSDALE NO. DI-A1S (120 PSD

ENGINE OIL PRESS-STCH STANDARD MOTOR PROD. NIL PS-149X(45-7.3 PSI

ENGINE WATE.4EM.-SVTCH STANDARD MTOR PRO. NE TS-50C273-293 F)

15 WATER PU.P PRESS..CH DELAV LARKSDBALE NO. 31-442 (250 PSI)
16 FOAM TANK LEVEL-PRESS. SWITCH iLAVAL/ARKSDALE NO.

17 WATER TANW LEVEL-PRESS. TRANSDUCER MICROSVITCH NO. 242PCO5G (0-L43 PSI)

18 HYDRAULIC PRESSURE-SWITCH DELAVALJ'IARKSDALE NM. RIS-H12 (500 PSI)

19 PAN i TILT VIDEO CAMERA RCA N O. VCO25

20 FD= VIDEO CAMERA JVC NO. GR-Cl U

2 IDO TRi ANI'UTEI Il R.F. TECHNOLOGY NO. RF200 RECEIVER21 VIDO T~ERR.F. TECHNOLOIGY NM. RF203 TRANSMITTER

2 ROOF TURRET NOZZLE FEECON NO. 01460040

3 PAN &TILT CAMERA CONVERTER RECOTON NO. V M0 A

4 SHIF ACTUATOR DRIVER CARD INDUSTRIAL DEVICES NO AC2002D

5THROTTLE ACTUATOR DRIVER CARD IDUSTRIAL DEVICES NO. AC2002

26 aRAKE ACTUATOR DRIVER CARD InDUSTRIAL DEVICES No Ac2002

7 STEERiNG ACTUATOR DREr.. CARD PMI NO. VXA-24 VDC-8 AMP

MOTOR START RELAY POTTER & BRUMFIELD NO. KRPAUVG24 VDC

( ) MOTOR STOP RELAY POTTER & BRUMFIELD NO. KRPAUV.U24 VDC

30 VIDEO SWITCH RELAY ALLIED CONTO NO. 244w

31 DATA/CONTROL SYSTEM RECEIVERS FUTADA NM 8SGA/PCM (RE")

JE.TELY- ATED I
VEHICLE CAB SYS"
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D. PHOTOGRAPHS

The following photographs document the details of the remote
control component installations. Manufacturer and model numbers
are provided in drawings section 3.3.

1. Modified P-4 Firetruck (Figure 21)

Antennas 1,2,3 are the receivers for multiple commercial
transmitters used to collect all data directed at the firetruck.
Antenna 4 with the small disc tip is the video transmitting
antenna for sending all information to the control console. The
replacement FEECON nozzle is shown.

2. Remote Controlled Nozzle Assembly (Figure 22)

a. Location

In cab roof where manual turret was located. Bolt on
replacement.

b. Use

To allow the nozzle to be remotely operated.

3. Remote Controlled Nozzle Details (Figure 23)

a. Electro/Hydraulic Valves

b. Gear Assembly for Swing (left/right)

c. Delivery Rate Actuator (low/high)

d. Spray Pattern Actuator (fog/stream)

e. Vertical Direction Actuator (up/down)

4. Brake and Throttle Actuators (Figure 24)

a. Location Cab dashboard center. Under AMETEK/ORED
fabricated panel.

b. Use

Two electrical actuators position cables to activate
brake and throttle pedals. Position feed back poteniometers on
actuators supply information to driver cards. Cable drives to
standard -oot pedal assemblies allow manual and remote control.
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Figure 21. Modified P-4 Firetruck.

Figure 22. Remote-Controlled Nozzle Assembly.
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Figure 23. Remote Control Nozzle Details.
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Figure 24. Brake and Throttle Actuators.
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5. Steering Actuator w/Cover (Figure 25)

a. Location

Around and to the right of steering column. Drive
chain and motor on AMETEK/ORED fabricated intermediate dash
panel.

b. Use

Vehicle Steering

6. Steering Actuator Drive Trait (Figure 26)

a. Location

Around and to the right of steering column.
Actuator mounted under AHETEK/ORED fabricated intermediate dash
panel.

b. Use

Vehicle steering and electrical position feed back
for driver card.

7. Remote Controlled Gear Shifter (Figure 27)

a. Location

Beside driver's seat on the left side

b. Use

Electrical actuator with position feedback and local
control provides local and remote control of gear selection.

8. Fixed Forward Viewing Drivers Camera (Figure 28)

a. Location

Mounted to the cab ceiling behind and above the
drivers seat.

b. Use

Primary Camera for driving and secondary camera for
firefighting. Provides visual monitoring of vehicle status
indicator lights and "road" area in front of truck cab.
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Figure 25. Steering Actuator with Cover.

Figure 26. Steering Actuator Drive Train.
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Figure 27. Remote-Controlled Shifter.

Figure 28. Fixed Forward Viewing Drivers Camera.
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9. Pan & Tilt Camera Assembly (Figure 29)

a. Location

In front of passenger seat above dashboard

b. Use

Primary camera for firefightinq and secondary for
driving. Remote controlled pan, tilt, telephoto zoom lens
assists in location of items and in recognition of depth
perception.

10. Video Converter (Figure 30)

a. Location

On upper portion of cab-wall on passenger side.

b. Use

To condition the video signal from the pan and tilt
camera for transmission to the control console.

11. Video Transmitter (Figure 31)

a. Location

On upper portion of cab wall above passenger side
window.

b. Use

Takes video from the selected camera (P&T or fixed)
and sends conditioned signal to transmission antenna. Signal is
2 GHZ, 100 MW, with six selectable channels.

12. Vehicle Status Indicator Display (Figure 32)

a. Location

Above and in the middle of the drivers windshield.

b. Use

The following are used to indicate status of critical
vehicle systems by visual inspection trom the remote control
console operator when using the fixed camera:

- Engine Oil Pressure
- Engine Coolant Temperature
- Brake System Air Pressure
- Water Pressure of Firefighter System
- Hydraulic pressure for Vehicle Accessories.
- Water Tank Level (1/4, 1/2, 3/4, full)
- Foam Tank Level ( 1/4 full)
- Vehicle Speed ( 10, 20, 30, 40 mph)
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Figure 29. Pan and Tilt Camera Assembly.

Figure 30. Video Converter.



Figure 31. Video Transmitter.

Figure 32. Vehicle Status Indicator Display.
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13. Firefighting Agent (Water and Foam Sensors (Figure 33)

a. Location

On cab wall below passenger window

b. Use

Sensors for agent pressure, water tank level and
foam tank level are located in this position. The sensors send
electrical signals to the signal conditioning circuits for
display on the vehicle st,.tus indicator display figure 32.

14. Firefighting Agent Select R.C. Valves (Figure 34)

a. In cab below passenger side dashboard

b. Use

These electro/pneumatic valves allow either local
manual or remote console control of the selection between foam or
water for nozzle supply.

15. Windshield Spray R.C. Valves (Figure 35)

a. Location

Inside the cab on the floor beneath the center of the
dash board.

b. Use

This electro/water valve is used to cool the
firetruck windshield during firefighting operations.

16. Windshield Wiper R.C. Valves (Figure 36)

a. Location

Inside the cab under the dash board on the driver's side

b. Use

These electro/pneumatic valves remotely activate both
the left and right windshield wipers at one time.
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Figure 33. Water and Foam Sensors.

Figure 34. Firefighting Agent Select R.C. Valves.
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Figure 35. Windshield Spray R.C. Valves.

/°

Figure 36. Windshield Wiper R.C. Valves,
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17. Parking Brake R.C. Valves (Figure 37)

a. Location

On driver's side of cab below the parking brake
control unit.

b. Use

These electro/pneumatic valves engage/disengage the
parking brake.

18. Engine Start/Stop Relays (Figure 38)

a. Location

Located on the front cab wall beneath the center of
the dashboard

b. Use

To start the vehicle engine remotely or to shut off
the engine remotely for normal or emergency purpose.

Note: steering actuator top left and throttle cables on left
side.

19. Actuator Driver & Signal Conditioning Circuits (Figure 39)

a. Location

On cap wall beside the driver's seat

b. Use

These circuits are employed to provide electrical
control and power to drive actuators and display status
information. The circuits provide the following:

- Throttle - Brake
- Gear Shift - Steering

* - Steering feedback Conditioning
* - Speed sensor Conditioning
- Remote/Manual Steering relay

* - Water tank level Conditioning
- Fuse Panels

Note: Items denoted with an asterisk are AMETEK/ORED custom
circuits, others are vendor supplied.
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Figure 37. Parking Brake R.C. Valves.Q VW0

Figure 38. Engine Start/Start Relays.
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Figure 39. Actuator Driver and Signal Conditioning Circuits.
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20. Signal Processing Cabinet (Figure 40)

a. Location

Behind passengers seat just above the floor.

b. Use

This cabinet houses circuits which interface between
the Radio Frequency data receiver units and the driving actuator
circuit (Figure 39) / Other actuators/solenoid valves on the
vehicle.

21. Remote Control Console Storage Configuration (Figure 41)

This figure shows the console unit with the protective
covers in place and prepared for transport.

22. Back Panel of Console (Figure 42)

This figure shows the three Futaba radio sections.
Antennas are located on top of the unit and are collapsible
manually for ease of transport. The back panel is hinged for
easy servicing access.

23. Front Switch Panel (Figure 43)

This figure displays the reverse side of the main
operator control panel. The back side of all the control
switched can be seen. The interconnecting wiring bundle can be
seen headed toward the radio sections at the rear of the unit.
Batteries are for power to the Futaba unit.

24. Console Operators Panel (Figure 44)

This figure shows the main console control faces. The
controls are all labeled to indicate the remote function
controller.

60



Figure 40. Signal Processing Cabinet.
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Figure 41. Remote Control Console Storage Configuration.

*1

Figure 42. Back Panel of Console.
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Figure 43. Front Switch Panel.

Figure 44. Console operators Panel.
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SECTION IV

COMPONENT AND IN SITU SYSTEM TESTING

A. BENCH TESTS OF CRITICAL NOVEL COMPONENTS

Components were bench tested upon arrival to confirm expected
performance. This initial testing was not performed on all
equipment, but all critical electro mechanical equipment did
undergo initial checks.

B. SIMULATED FIELD TESTING OF COMPONENTS

The data and video transmission links were purchased and
rented, respectively and transported to Vandenberg AFB for field
tests in advance of the official demonstration. These units were
tested at the fire pit training area at ranges planned for the
official demonstration. High tension wires in the area presented
no interference problems and both transmission systems performed
well.

C. VEHICLE DRIVING SYSTEMS TESTING

The truck was outfitted with driving actuators. The truck
was raised on blocks to eliminate wheel traction. This allowed
initial testing of driving systems without risk to equipment or
personnel. Following theae tests the vehicle was driven at
AMETEK/ORED facilities remotely without a video viewing link. A
backup emergency driver was maintained in the truck at all times
to resume manual control if necessary. Minor steering problems
were experienced and a number of existing truck system
deficiencies were discovered. All of these items were corrected.
An in-house short range video transmission system was installed
for initial driving exercises with a visual video link.

D. FIREFIGHTING SYSTEMS TESTING

Following successful driving tests the remainder of the
remote system functions were tested at AMETEK/ORED facilities.
The nozzle and pump system exhibited a number of minor problems.
The most significant problems were existing truck systems such as
several high pressure piping leaks. These deficiencies were
corrected.

E. COMPLETE SYSTEM TESTS AT AMETEK/ORED

Following the subsystems tests, the commercial long range
video transmission system was rented and installed. The complete
system was exercised and demonstrated to the Air Force project
manager. Following these tests and minor adjustments, the truck
and remote control console were transported to Vandenberg AFB.
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SECTION V

VANDENBERG AFB TRAINING AND DEMONSTRATION

A. PREPARATION TESTING AND TRAINING

At the firepit training area a series of fuel fires was
initiated by the Air Force fire crews and then extinguished using
the remotely operated fire truck. Trained AMETEK/ORED personnel
operated the truck and a standby emergency driver was stationed
in the truck at all times. Specific procedures for positioning
the truck and directing the nozzle were imparted to the AMETEK/
ORED operators during these training/testing firefighting
exercises. Videotape recordings of these exercises were made to
document the exercises.

B. OFFICIAL DEMONSTRATION

On 18 June 1987 Air Force officials arrived to witness the
remote firetruck system. They were briefed on the program and
system. The equipment was shown and explained.

The remote control console was set up in the bed of an
AMETEK/ORED covered pickup truck. Figure 45 shows this
arrangement with the driving operator on the passenger's side and
the firefighting operator on the driver's side. The tripod on
the lower left supports the video receiver antenna. Figure 46
provides a view of the operator's console during a driving
exercise when the truck is being driven around the fuel pit.

A 600 qallons JP-4 fuel fire was then ianited at the trainia
Pit under the simulated bomber aircraft.

Figure 47 shows the ignited fire and vehicle approaching the
agent spray position. Note the suited emergency backup operator
stationed in the truck. Figure 48 depicts the beginning of the
spray sequence and figure 49 shows the spray sequence shortly
after commencing spray, but also near the completion of the spray
sequence.
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Figure 45. Demonstration Remote Control Station
and AMETEK/ORED Operators.

Figure 46. Demonstration Remote Control Console.

66



Figure 47. Ignited Fire and Vehicle Approach.

Figure 48. Commencement of Spray Sequence.
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Figure 49. Spray Sequence Near Completion.
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SECTION VI

REFURBISHMENT OF P-4

A. EQUIPMNT RENOVAL

The vehicle and console were returned to AMETEK/ORED.
£i'otographs were taken to provide documentation for the final
report.

The rented equipment was removed and returned. AMETEK
equipment was removed and returned to inventory. All equipment
purchased and charged to the projact was removed from the
vehicle. Systems were returned to original except minor
alterations which were approved by Air Force project management.

B. EQUIPMENT PACKAGED

The components removed were packaged in boxes ready for
shipment.

C. P-4 RETURNED

The P-4 was transferred from the AMETEK/ORED facility in
Goleta, CA. to Edwards AFB, CA. on 15 July 1987.
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SECTION VII

CONCLUSIONS AND RECOMNNDTIONS

A. FEASIBILITY DEONSTRATION MODEL CONCLUSION

1. Study Findings

As presented in Sections I and II a well founded baseline
conceptual design was established. This specialized design would
offer a number of advantages and disadvantages over the
conversion of a P-4 or P-19 to remote operation.

A primary advantage is increased quantities of firefighting
agents when supplied with a sufficiently sized nursing truck.
The specialized robotic firefighter would also be smaller, more
maneuverable, more accurate and easier to operate. The baseline
offers a number of disadvantag.s as well:

High Cost

Longer Deployment Time

Limited Special Use

For the majority of aircraft fires the disadvantages are
judged to outweigh the advantages when compared to the FDM
concept. If other types of base fires such as; structure and
munition storage fires are considered the baseline concepts would
be considered, more desirable ba3ed on fluid volumes required.

2. FDM Findings

The P-4 conversion to remote operation proved to be very
successful for aircraft fires of the type normally encountered.
The new FEECON nozzle used for remote operation provided a
significant improvement in range over existing P-4 and P-19
nozzles. The remotely operated truck system could perform all of
the critical functions a manned version is capable of with very
little risk to personnel. The majority of components selected to
convert the truck were found to be very satisfactory and offer
good potential for riliable long term applications. Several
components offer insufficient long term reliability or are not
functionally suitable for a system other than FDM. The linear
actuator position cards are an example of a component with
insufficient reliability and the data system is an example of a
component which is judged to be not functionally suitable for a
prototype or production model.

It was found that significant training was required to
operate the vehicle because depth perception was limited.
Improved optic systems would help significantly improve these
deficiencies.
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It was found that the direction and position of the turret
nozzle was difficult for the operator to track once the spray
stream was initiated.

It was found that the steering actuator with velocity-
controlled drive card worked very well in both manual and remote
modes.

B. PROJECT CONCILSIONS

A strong baseline concept design is presented in this report
which would be very acceptable to further develop an advanced
robotic firefighter. Such an advanced robotic firefighter would
be very useful for a multitude of base fires.

The remote firetruck performed well completing all of the
assigned tasks. This FDM concept provides a good base from which
a prototype and production model can be developed.

The actual firefighting experience revealed a significant
number of improvements/modifications are desirable to facilitate
the use of the system.

The FDM system along with the new modified nozzle
demonstrated a number of superior performance characteristics
over conventional P-4s and P-19s supported with fire crews and
hoses. Significant safety increases were experienced with the
FDM concept, although conventional rescue capabilities are not
available until fire extinguishing activities are completed.

Because of the FDM demonstration experience, the FDM concept
should be considered for "normal" aircraft fires as well as the
more "unusual" weapon-involved incidents.

C. PROJECT RECOMM0ENDATIONS

It is recommended that all the uses for a remote firefighting
system should be carefully considered. True need will drive
future development direction. The greatest need expressed to
AMETEK/ORED is for weapons-related aircraft fires. A portion of
existing P-19s should be converted to allow either manual or
remote control. Two converted vehicles per base would provide
suitable redundancy for acceptable preparedness.

Further development work should be pursued on the advanced
robotic firefighter concept for base munitions storage facility
fires, fuel dump fires, and decontamination/contaminated
materials handling systems.

Several improvements are recommended for the development of a
remote-control firetruck prototype:
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1. Improved higher-quality video optics, including lens, and
CCD-type cameras.

2. Improved video viewing of the nozzle, its position and
stream.

3. Improved linear actuator device cards.

4. Larger video monitor(s) with possible split screen.

5. Professional quality duplex data link to provide feedback
from truck.

6. Dual video links for both driving and firefighting
stations.

7. Single "flip-the-switch" remo~e control system activation
from manual to remote.

8. Rear view camera for backing up.

9. Pistol-grip controller for turret control.

10. Self-containee power supplies

1. Erroneous data transmission sonic alert.

12. Assigned military frequency and band width for video and
data transmission.

13. External indicators of remote status and shut down

switches.

14. Remotely di -cted spotliqhts for niaht exercises.

15. Reduce console size and weight.

16. Minimize impact of remote devices on vehicle.
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APPENDIX A

CONCEPT FEASIBILITY REVIEW

3 OCTOBER 1985
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APPEN~DIX B

ENGINEERING CHANGES
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AMETEK'
* .! " \ I \l - \ :'a Ig . ,. .; " \ 1 a11 % sC ,

S'E., 966/OliM

.anuary 28, 1985

AD/PMR/PCO Code FQ7621
Eglin AFB, FL 32542-5000

Reference: P.O. #8635-85-C-0107
Remotely Operated Robotic Firefighter

Subject: Proposed revision of technical effort

Pursuant to the technical results of Phase I of the program and
the Concept Feasibility Review, AMETEK/ORED recommends clarifi-
cation and revision of the technical approach as specified here-
with. The purpose of this proposed revision of technical effort
is to minimize technical risks and provide meaningful, practical
deliverables, i.e., a system design which is consistent with the
state-of-the-art of robotics technology development and which can
be reasonably extrapolated into a fieldable system.

Attachment I summarizes the recommended revised technical effort.
This effort does not supercede the requirements of the contract
Statement of Work, but directs specific efforts within the con-
text of the SOW. Technical requirements and functional specifi-
cations will be consistent with the revised technical effort.
The GFE firefighting vehicle noted in the attached will be
returned upon completion of the program.

This revision does not involve any changes to the monetary value,
delivery schedule, or other provisions of the contract, and is
sunrmitted in accordance with contract FO8635-85-C-0107, Section
I, AFSC FAR SUP 52.243-9002, "Changes Requiring No Equitable
Adjustment".

Please address any questions to the undersigned.

Sincerely,

AMETEK/OFFSHORE RESEARCH & ENGINEERING DIVISION

\ \ _A
Trn H. McNally
Controller

cc: AFESC/RDCS 92



ATTACHMENT 1

RECOMMENDED REVISED TECHNICAL EFFORT

Reference: Contract F08635-85-C-0107
Remotely Operated Robotic Firefighter

1. Data and drawings of the selected firefighting vehicle (P-4
or P-19) will be obtained through Hq AFESC/ RDCS.

2. Commercially available remote-control equipment will be sur-
veyed for applicability to operation of the vehicle mobility an]
firefighting capabilities.

3. Performance criteria will be developed for remote operation
of the vehicle in addressing the operational and technical
requirements for the Robotic Firefighter.

4. Systems analysis and tradeoff studies will be performed to
determine the feasibility of remote operation of the selecLd
firefighting vehicle. This will include a self-contained and
self-powered portable control module for the operator which can
quickly be set up at the required Personnel Clearance distance,
and wireless communications links for control and feedback
signals.

5. The concept feasibility of remote operation of the select',d
firefighting vehicle will be reviewed with AFESC/RDCS during the
Program Review meetings. Presentation materials will include
concept sketches.

6. Preliminary Design will be conducted for the approved concept
approach. Emphasis will be given to application of commercially
available components. Drawings and specifications will be
reviewed during Program Review meetings (Preliminary Design
Review).

7. Detailed Design will be accomplished, incorporating any chan-
ges from the PDR.

8. As required to confirm system performance, key system compo-
nents will be procured, configured, and tested. For this pur-
pose, a firefighting vehicle (P-4 or P-19) will be provided as
Government-Furnished Equipment (GFE), along with necessary main-
tenance, parts, and consumables. Any modifications performed on
the GFE P-19 will not preclude restoration to the original con-
figuration upon completion of testing and evaluation. The GFE
vehicle will be delivered to AMETEK/ORED by the Government, as
requested to support this task; for operational testing, the
Government will transport the P-19 from AMETEK/ ORED to the
Government test site, and will provide operating and maintenance
personnel for testing. Upon completion of testing and evalua-
tion, the GFE vehicle will be turned over to the Government.
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DaD-STD-L8VA
( 12 April 1978

ISU'aL.S?..SeCJ SJ~hU~SI15 !k,-c 1 986 1
A-EK/bFFS RE RSEARCH ME 1ZGINEERING DIV (OR) 1 '" R

P. 0. BOX 6447, Santa Barbara, CA 93160-6447 I 1

W"L TI ~is. CAM 14. %111 Lt. -0.~ 0tm

None a

*0 *ftw I WC .1 K 0C : I 01101

Oscillating Turret Nozzle for GFE P-4 Truck Oita-5--O0

CLIN 0001

Purchase a specially-adapted Oscillating Turret Nozzle" for adaptation
to the GFE P-4 vehicle to be used as a demonstration prototype for remote
operation of firefighting and mobility functions. The Feecon nozzle and
control panel are described in Attachment 1. (CONTINUED ON NEXT PAGE',

-i. -4 _. '"

( Axetek/ORED change proposal (letter, 28 Jan 86), approved 6 May 86,
included a request for a GFE P-19 vehicle to serve as a test bed for
demonstration of remote firefighting capabilities. The P-19 has
automatic oscillating turret nozeles. The Government approved the
recormmended revision of technical effort (CONTINUED ON NEXT PAGE)

to.o

** .... "I tail:*

DD .U1 69Z

FIGURE 2A. ECP asoe 1 (0 -Form 1692Y.

29

*Feecon is uniquely qualified to supply a fully-compatible
( oscillating turret nozzle as they are the manufacturer of the

existing manual turret nozzel on the P-4 and can satisfy all the
interfaces, precluding permanent interface modification of the
GFE P-4.
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DOD-STD-480A
12 April 1978

(CONTINUATION)

16. Description of Change

Remove manual roof turret nozzle and replace with the oscillating
turret nozzle: original manual nozzle to be repalced after
demonstration testing.

17. Need for Change

but substituted a P-4 for the requested P-19. The manual
turret nozzles on the P-4 cannot be adapted for remote operation,
so one manual nozzle needs to be replaced with an oscillating
turret nozzle for testing.
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FEECON CORP
dA SjOSi ,a:V of So. CatoFe 9 0,,s S,,,le, P 0 Box 3 38

"Nestooto Vassact'sets 01S81

July 23, 1986

Ametek Offshore Research Engineering Division
P.O. Box 6447
Santa Barbara, CA; 9310-6447

Attn: Richard Papina-Chapla

Gentlemen:

In accordance with our discussion of July i6, 1986 we
can furnish a roof turret for the P-4 Crash Fire Truck
which we believe will meet your requirements. We propose
to furnish a turret with the following characteristics
and capabilities:

1. The turret panel will be the sae size as the existing
turret and will interface with existing foam solution
and hydraulic connections. A preliminary proposal
drawing is enclosed.

2. The flow rate will be the sare as the existing turret
namely 800 gpm at full rate and 4C0 gpm at half rate.
Interlccks will provide for mrcmentary shut down while
changing rates.

3. The turret discharge will be of the non-air aspirating
tve in accordance with the U.S. Air Force's latest
design r-quirements.

4. The turret control system will be electric cer hydraulic
utilizing the vehicle's 24 volt electrinal system
and existing hydraulic power supply. A preliminary
circuit schematic is encl.:sed. The current rqciirement
for the solenoid valves would be 1.4 amps per soenoid
in use,. Nocrally we would not expect more than two
or three solenoids to operate simultaneously. We
would supply a terminal block with terminals adequately
identified for you to interface your robotic controls.

R. We are prcpesing to supply an oscillating capability
similar to what we have supplied on the Air Transportable

P-4 Modification 1C00 gpm Bumper Turret. This would
peovide oscillation capability up to the full rotation
capability of the turret. Control arm can be set
manually to set oscillation to any angle above zero
degrees ar to operate at any location within the

0w,.. 61 ,A 1137 Crao,. FEECON Wsowom m.au Yv.o 97, , 7'FEEC UI Fa,, ?-%&XU 96
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WestOoro. Massacnusetts 0tSal

full rotational arc. If it is necessarL to control the
arc of oscillation for your robotics we can add actuators
to provide remote control.

The price of the turret would be $14,000.00. We would
like about 60 days to build the unit but could probably
reduce that time somewhat if your program requires a.
better delivery."

If you need modifications to permit proper interface
with your equipment do not hesitate to contact us.

Sincerely,

James F. O'Regan
President

Encl.
JFmO' R:3rp
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SER/ /

October 10, 1986

AD/PMR/PCO Code FQ7621
Eglin AFB, FL 32542-5000

Reference: P.O. i8635-85-C-0107
Remotely Operated Robotic Firafighter

Subject: Proposed Engineering Change Proposal

In accordance with the referenced contract, Section I, page 16,
DOD FAR SUP 52.243-7000, the attached Engineering Change Proposal
is submitted for consideration by the Government. This ECP is in
response to changes requested by Government representatives
during the Interim Phase II Review meeting, PR-5, held at Tyndall
AFB, FL on 3 ptember 1986.

We have established a priority of Routine' for this ECP, but
encourage expeditious review and approval, to allow return of the
GFE P-4 to the operational unit at the earliest possible date.

Only Page 1 of the DD Form 1692 is submitted, as the system has
not yet been developed to the point of a Functional Baseline; the
Preliminary Design Review is scheduled to coincide with comple-
tion of Phase II on 21 February 3987. There is, therefore, no
assigned Configuration Item number or nomenclature at this time.

Please address any questions to the undersigned.

Sincerely,

AMETEK/OFFSHORE RESEARCH & ENGINEERING DIVISION

Gary L. Schramm

Controller

cc: AFESC/RDCF

Attachment: DD Form 1692
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RECOMMENDED UORDING FOR DD FORM 1692

Block 10, Title of Change:

Remote Control Upgrades for GFE P-4 Truck

Block 16, Description of Change:

1. Modify baseline remote control system for demonstration
prototype P-4 vehicle to allow "flip-the-switch" instantaneous
conversion from manual to remote operation and vice versa. This
entails design, purchase, and installation of electrically-
actuated controls for steering, braking, throttle, and other
functions.

2. Modify baseline video system to preclude possible damage
from direct viewing into the sun. This modification involves
special filters for the baseline camera or upgrade to CCD-type
cameras.

3. Add a rear-view camera to provide a selectable view to the
back of the P-4 for reverse operation. In order to provide this
capability, a third video camera, mounting provisions, and
associated video switching must be added to the baseline.

4. Reconfigure the baseline remote control module to provide a
steering wheel and separate foot pedals for brake and throttle
in lieu of a single "Joystick" controller for mobility. This
modification necessitates a larger control panel, a scaled
steering wheel, and separate breakout foot pedals for braking
and throttle. The modification includes engineering design,
components, and installation.

5. Reconfigure the baseline remote control module to allow two
operators to work side-by-side, one for mobility control and the
other for firefighting control, and provide fold-up legs. This
design change involves reconfiguration of the remote control
module design to provide a larger control panel with control
clustering, and fold-out legs attached to the underside of the
module. The foot pedals in Item 4 above should be secured to
the fold-up legs for stability during use.

6. Provide a "pistol-grip" type controller for the oscillating
turret nozzle in lieu of a standard joystick controller. This
controller is more expensive than the baseline controller, but
is more similar to the "standard" controller for oscillating
turret nozzles on the P-19.

7. Provide for interface of a "scene monitor" capability in the
command vehicle, to allow monitoring of the video from the P-4
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at the incident command post. The scene monitor and mounting in
the command vehicle are expected to be GFE.

8. Add a remote start.(engine restart) capability to the
baseline remote demonstration system.

Block 17, Need for Change:

1. The baseline demonstration vehicle design reviewed during
the Interim Phase II Review meeting uses a set of procedures,
including electrical and mechanical changes, to convert from
manual operation to remote and vice versa. This approach is
consistent with the requirements for the demonstration
prototype. However, in order to make the remote demonstration
more operationally meaningful, the Government representatives at
PR-5 requested that the P-4 demonstration vehicle be provided
with a capability for instantaneous remote-manual conversion
capability. This will allow personnel participating in the
proof-of-concept demonstration to leave the demonstration
vehicle expeditiously at the point that the simulated decision
is made to evacuate the fire scene.

2. Demonstration testing procedures for the baseline system
included provisions to avoid pointing the cameras directly into
the sun, as the baseline video cameras use pickup tubes which
can be permanently damaged by direct sunlight. Government
representatives at PR-5 requested that special filters be
installed or some other measuies be taken to preclude camera
sensitvity to direct sunlight.

3. The baseline damonstration vehicle relies on the view in the
rear-view mirrors using the pan/tilt/telescopic camera to
provide a view to the rear for limited backing up of the
vehicle. Government representatives at PR-5 requested that a
rear-view camera be added to provide a better view to the rear
when backing up.

4. The baseline demonstration remote control module utilizes a
single joystick controller to provide steering, braking, and
throttle control; advancing the control advances the throttle,
retarding the control applies the brakes, and twisting the
control steers the vehicle right or left. Government represen-
tatives at PR-5 reqtuested that a "steering wheel" and separate
brake and throttles be substituted for the single controller, in
anticipation that these typea of controls will be more natural
for firefighters.

5. The baseline remote -ontrol module was set up for operation
of all functions, mobility and firefighting, by a single
operator; this allowed the module to be compact and light.
Government representatives at PR-5 requested that the module be
increased in size to allow two operators to work side-by-side,
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one operating mobility controls and the other firefighting con-
trols, and that the module be provided with fold-up legs to
stand in place during operation.

6. The baseline controller for the oscillating turret nozzle
which was proposed is a simple four-way controller for elevation
and sweep, with a push-button for discharge. Government repre-
sentatives at PR-5 requested that a "pistol-grip" controller
simil&r to that used with the oscillating turret nozzle on the
P-19 be substituted for the standard controller. Thiy feel that
this w6uld be more natural for firefighters.

7. As an adjunct to the monitoring of video feedback by the
operators at the remote control module, Government
representatives at PR-5 requested that provisions be added to
the system such that command personnel could monitor the video
from the remote vehicle in the command vehicle. In order to
provide for this capability, a video signal Jack, coaxial cable,
and associated connectors will be added with the remote control
module.

8. For the purposes of the feasibility demonstration testing,
the remote control system did not include a remote start
capability, as the vehicle would be left running at the start of
testing, and it was considered appropriate to approach the
vehicle for restart in the event that the engine died.
Government representatives at PR-5 requested that a remote start
capability be added to the baseline system. This entails adding
a start switch and indicator to the remote control console, and
adding additional channels to the remote data link (telemetry
and signal conditioning circuitry).

NOTE:

Block 22 should be just under $50,000.00. Attached sheet shows
our estimates presented to Vickers and Grimm on 22 Oct 86; these
need to be scaled upward to match the $49.x K with added
engineering.
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PROGRAM IWORANDUM

21 October 1986

REMOTELY-OPERATED ROBOTIC FIREFIGHTER
Contract #F0835-85-C-0107, ORED *G-OS-WO-108

Preliminary Proposed ECP#2,Revisions and Estimated Costs

This memorandum summarizes the proposed revisions in technical
effort and associated estimated costs :esulting from the interim
Phase II Review Meeting PR-5 held on 3 September 1985 at HqAFESC/
RDCF, Tyndall AFB, FL for the referenced contract.

# Subject Revisions Est. Cost

I Flip Switch* Remote/ Single-switch changeover 14.1 K
Local Control for steering, braking,

throttle, transmission,
cameras, stowage, etc.

2 Video Insensitive to Upgrade cameras to CCD- 1.8 K
Direct Sunlight type (two each)

3 Rear-View Camera Added camera, lens, mount, 5.1 K
wiring, switching, and
associated telemetry

4 Mobility Control Steering wheel, throttle 4.4 K
Configuration & brake pedals, and mounts

in lieu of joystick

5 Two-Operator Control Larger control module case 6.5 K
Configurdtion and control panel, revised

layout

6 "Pistol-Grip" Nozzle Special controller and 2.3 K
Controller mounted pistol-grip with

agent dispense trigger

7 "Scene Monitor" Auxiliary signal jack and 1.5 K
Compatibility impedance matching termi-

nator, plus mounting

8 Remote Start Added switches and asso- 3.8 K
Capability ciated telemetry

Total Estimated Cost 39.6 K

Note: "Light Armor" addition to be subject of separate ECP.
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APPENDIX C

FDM EQUIPMENT DATA SHEETS
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* FEATURES
The FP-8SGAP was specially developed to use ICM (pulse code modulation) for FAI
RC aerobatics F3A aicraft. It is an extremely noise and dead-point resistant digital
proportional RC set-with a microprocessor in the transmitter and the receiver. Please
read this manual before using your set.

TRANSMITTER FP-T8SGAP .7"

* RF module system. The frequency band can be * Pitch control lever. HIGH side pitch of variable
changed with one touch. pitch propeller can be adjusted during throttle -*

* DSC (Direct Servo Controller) allows operation pitch control mixing.
of the servos without turning on the transmitter. 0 New ATV (Adjustable Travel Volume) on all
Wire operation is possible by using the special channels allows independent adjustment of servo
cord supplied (FSC.1) left, right, up, mnd down throw.

e Servo reversing switch for all channels allows * Second ATV. Besides new pushbutton ATV on
reversing of the servos with the flip of a switch, aileron and'eleiatc r, conventional trimmer ATV

* Dual rate or non-linear VTR (variable trace .s also installe,.
ratio) aileron, elevator, and rudder. Two-stage 0 Monr 1rp comes on when throttle -* flap,
dual rate on aileron. spoiler - elevator mixing or throttle -+ pitch

* Rudder auto dual rate. Rudder dual rate is turn- control mixing and flap, spoiler -* elevator mix-
ed on and off automatically with operation of ing and snap roll are set and goes out when they
the throttle stick. are in use.

0 Newly designed slantable open gimbal sticks 0 Fail-safe switch (function OFF switch) is provid-
provide maximum operation feel. Stick angle d for each function so that only the desired
and spring strength can be adjusted. functions need be turned on.

0 Non-slip adjustable lever head. The stick length * Throttle ATL (Adjustable Throttle Limiter)
can be adjusted by turning the knob head. makes throttle linkage simple and positive.

* New throttle -* pitch control mixing is perfect * Two servo test functions. A slow sweep to check
for variable pitch propeller which maximizes neutral characteristic, trackability cycle servo to
engine power and propeller efficiency, test servo operation.

: Mutual mixing function allows aileron + eleva- 0 Tachometer/timer with built-in taciometer, up
tor, aileron + flaps, and aileron + rudder mixing timer, down timer, integrating timers, and bat-

and aileron differential operation. tery alarm functions.
* Elevator-, flap mixing is especially advantageous * Built-in power error back-up circuit. When the

in circle aerobatics. internal Nicd battery approaches the fully dis-
0 Flap, spoiler -. elevator mixing allows control of charged state, an LED flashes to indicate that

the aircraft attitude while using the air brake the memories presetted (memory, ATV, FS,
(flap, spoiler), etc.) are gone. Please charge battery and set all

e Throttle - (flap, spoiler) -- elevator mixing al- memory functions again.
lows enhancement of the air braking effect by * Highest quality extruded aluminum case. So-
throttle stick operation when diving and landing. phisticated transmitter design gives easy fitness

* Programmable mixing function permits mixing and comfortable feeling to your hands.
with the desired channel. * Neck strap supplied as a standard accessory. The

* Four-function snap roll switch (timer is option- numerous functions of the transmitter can be
a!) easily performed by supporting the transmitter

* Idle-up lever, the engine idling speed can be from your neck.
independently adjusted during throttle -* pitch
control mixing.

* New single-chip microprocessor allows one-touch
fail safe setting and introduction of an automatic
transmission system which eliminates the need
for fail safe setting at the beginning of each
flight and improves safety.
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0 CONTENTS AND RATINGS
Ratirip and specificationswe subject to change withou prior notice.

Model .FP4SSGAP

Transmitter IFP-TBSGAP x 1 with module FP-TF-FM

Receoser FP- I18G x 

Secver FP-R118G x 1

Switch SWH-5 x I (R4-S WJ x 1)

Nicd battery NRJ x 1

Accescria Battery charger, landing gear adaptor, DSC cord, CHG adaptor, DSC-CHG
Accescris ]cord, servo tray, frequency flag, spare horn, neck strap, screws

Trarnmitter FP-TSSGAP Receiver FP-R1I18GP

Operating system Two-stick, 8 channels for Receiving frequency: 50/53MHz BANDS lChosen
F3A pattern 72/75MHz BANDS J and

Transmitting : 50/53MHz BANDS Chosen Intermediate : 455kHz
frequency 72/75MHz BANDS jband frequency

53MHz - 72MHz Power requirement : 4.8V Nicd battery (shared
Frequency change to any of with servo)
above bands is possible by Current drain :42mA (48V reception)
merely changing RF module. Dimensions : 2.23 x 1.65 x 0.94 in

Modulation :PCM, FM (57 x52 x24mm)o Power requirement : 9.6V 5/500mAH internal Weight : 1.85oz (53g)
Nicd battery Receiving range : 500m on the ground

Curreant drain : 25OmA 1000m in the air
When FP-T8SGAP used.
(At the best radio wave con-
dition of environment)

Servo FP-S130 Landing Gear Servo FP.S13OG (Option)

Control system : +pulse width ccntrol, 1520 Control system +pulse width control
pUS.N Operating angle :Rotary approx 1600

Operating angle : One side 450 or greater (in- Power requirement :4.8V (shared with receiver)
cluding trim) Current drain :8mA (at idle)

Power requirement : 4.8V (shared with receiver) Output torque :65.3oz.in (4.7kg-cm)
Current drain : 5mA (at idle) Operating speed :0.34 sec/600

Output torque, : 55.6oz.in (4kg-cm) Dimensions :1.52 x 0.77 x 1.36 in
OperatinG speed : 0.24 sec/60* (38.5 x 19.5 x 34.5mm)
Dimensions : 1.52 x 0.77 x 1.36 in Weight :1 .48oz (42g)

(38.5 x 19.5 x 34.5mm)
Weight : 1 .47oz (42g)

Battery Charger FBC-BB(2) Receiver Servo Nicd Battery N R-4J

Input voltage :12OVAC, 50/60Hz Voltage : 4.8V, 4/SO0mAH
Output :TX side 9.6V/45mA Dimensions :2.01 x 2.28 x 0.59 in

RX side 4.8V/45mA (51 x 58 x 15mm)
Weight :3.35oz (95g)
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0 BATTERIES AND CHARGING INSTRUCTIONS
TX (tranismitter)

AC-120V fI~ . I........ - ...
Make this

Batter chwwcrgerin he
(2) LED

FIX(receiver) ~L

Chargiitg

Receiverconnetictor

(connector with tab)
tenoithe sideof theCH

aircraft fuselage icatfsl toAatr
use the charging/DSC

cord Female

FeaeFemale "' Fi~rst, connet to TX Nscd and red lamao goet on.

Male Cange ro rod to greanish red tortingeiMale whtC. ndcarth bo' h TX and R X Medt are
31Irn cm, of seoueseti chafiliag. L.E.O. color will be:

RXNcd-C'ren TXNcci-Ffed

* 0Make the connections shown in Fig.12. Con-
nlecting the special DSC.CHG cord with tab to

I receiver terminal C and installing it to the side I

~ ' I of the aircraft fuselage is very convenient.
NR.4J Fig. 12 * When the DIN connector of the DSC cord is

I connected to the DSC cornector 12-9), the I
-----. J power to the encoder inside the transmitter is

(A* The Direct Servo Controller system connects turned on. The transmitter power switch is
I the signals from the transmitter directly to OFF.

terminal C of the receiver through a wire and saWhen not using the DSC, disconnect the D IN
controls the servos without radiating radio- connector.
waves. It is extremely convenient when flying se To operate the servos, turn on the receiver I
on the same band or during meets, etc. and servo switch.

Before using your system, recharge the Nicd batteries as follows:
faConnect the DIN connector of the FBC*88 (2) battery charger r---------------

to the transmitter charging socket 4. Also connect the 3P I STeaonoftmrmiigbfoehebtresmtbeI

connector to the airborne NR-4J Nicd battery and pluq th. rechar;.d can be estimated using the Integrating Timer I
battery charger into a 120VAC outlet as shown in Fig. 12. The fucinI h ahmsrTmr2, ti eomne
airborne batteries can also be charged through the DSC/CH I that, this function be used to monitor remaining flying time.
harness by connecting the CHG adaptor to the charger as shown L - ag - I fo deaie -instructions.) -- -- -- --
In Fig.12. In this manne, the airborne batterfies can be charged a The tranimitter and receiver Nicd batteries can be charged
without removing them from the model, together or independently.

C Normally recharge the battery for about 15 hours. If it has not 0 A fully-Charged transmitter battery can bit used for about 10
be..) used for some time, discharge an recharge it two or three flights of 10 minutes each.The airborne NR-4J Nicd battery
times and then charge it a full 15 hours. Celt be used for about 6 flights when 6 servos are used and

about 4 flights when 10 servns are used.
0 If the system is not to be used for some time, it should be fully

charged before storage and recharged monthly to avoid full
discharge and loss of memory settings (ATV. FS, OFS memory,
etc.).
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OFS (FAIL SAFE) AND HOLD FUNCTIONS
HOW TO USE FS (FAIL SAFE) (THROTTLE CHANNEL AS AN EXAMPLE.)

0 Set Function Select Switch 49 to FS SELECT. 0 Fail Safe for all channels selected can be set
@ Set transmitter and receiver power switches to with one touch by moving the sticks and

ON and check servo movements, switches of all the channels to the desired posi-
0 While switching the Channel Select Switch 4 tions andpressing the FS Set Button 36 once.

from 1 to 8 in order, set the channel(s) to be (Switch .4 previously set to FS ALL.)
used with FAIL SAFE by pressing Button 46 @ FS settings are retained in the transmitter
and those to be used with HOLD by pressing memory circt'it and transmitted automatically
Button 4 I. (In this example, set CH3 to FS every 60 seconds (Monitor Lamp .Algoes out
with Button 46;.) momentarily during data transmission.) There.

0 Move the throttle lever to maximum slow posi- fore, resetting before each flight is unnecessary
tion, and press the FS Set Button f6i on the even though the receiver switch has been turned
transmitter back. OFF.

40 CH3 is now set to LOW throttle for the FS * After FS settings have been made, always set
function. After setting FS, turn the Channel Function Select Switch F41 to OFF to prevent
Select Switch *4I and Function Select Switch erroneous settings,
49 to OFF. 4Ii( To clear all FS settings, set Switch R to Posi-

0 Test FS by turning the transmitter power tion 1, then press buttons E& and L simul-
switch to OFF. (In this example, all servos tpneously.
should move to neutral except the throttle
servo which should move to the LOW position
that was just set.)

'FS/HOLD CAN BE CONFIRMED BY MONITOR LAMP.

* Function status can be confirmed by means of Monitor Lamp (.

When Function Select Switch ,4 is at FS SELECT: Lamp (A ON = HOLD
Lamp UA OFF = FS

" When Switch '4 is set to FS ALL, Lamp ( _Js OFF.
* When Switch 49 is set to ATV and Button :46i or .47 is pressed, Lamp @ blinks.

*BFS (BATTERY FAIL SAFE) AND BFS MEMORY
e BFS (Battery Fail Safd) is a warning function 0 Set Function Select Switch ' to 8FS MEMO

which moves only the throttle servo to the samn SET and set Channel Select Switch 48 to Pos.
position as set for FS when there is only a small 3 (Throttle).
amount of power left in the receiver Nicd bat- @Set the Throttle stick to the desired release
teries. (If no FS position is set, the throttle servo point (between Slow and Medium Slow recom-
is moved to medium slow.) mended) and press Buttons 461 and 4T simul-

* When BFS occurs, the throttle servo can be re- taneously. BFS Memory is now set.
leased and throttle control regained for 36 0 Set Switches r48 and T_ to OFF.
seconds by lowering the throttle lever to IDLE. 0 Whenever BFSoccurs in flight, lower the throt-

* The throttle stick position at which throttle con- tIC -tck to regain control and immediately land
trol is regained is programmable. This is known the aircraft.
as BFS Memory and is set as follows:
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NOZZLE DATA SHEETS
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SWITCHES AND WIRING BY
TRUCK MANUFACTURER

E

CONNECT TO WIRE #446-

CONNECT TO WIRE 0446 -

DISCHARGE VALVE

D LOW RATE

HIGH RATE

DISPERSED STREAM

SOLID STREAM

CONNECT TO WIRE 0439 HYD. PR0SSUI

C DEPRESS

ELEVATE

OSCILLATION ROTATE RIGHT' = ,.,OFF

ROTATE LEFT

Lw

B CONNECT TO WIRE .411 -

NOTE:
DOUBLE THROW SWITCHES MAYBE REPLACED
INDIVIDUAL SINGLE THROW SWITCHES, IF
SWITCHES ARE ARRANGED SO THAT OPPOSI1
FUNCTIONS CAN NOT BE ACTIVATED SIMUL
NEOUSLY, SUCH AS WITH A JOYSTICK

A
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MODEL AC2000 and AC2001 riINDUSTRIAL
ELECTRIC CYLINDER CONTROLS IIDEVICES
INSTALLATION AND OPERATING CORPORATION

NSTRUCTIONS
SPECIFICATIONS AND IDENTIFICATION Novato, CA 94947-6284
TROUBLESHOOTING CHART (415) 883-3535
PARTS LIST
SUFFIX DEFINMONS 0lridustrial Devices Corrorabon 1984

IDENTIFICATION

AC2000c AC200i c

AC20011b AC2000eL AC2001 pL
AC2001eL

'1'

SUFFIX DEFINITIONS

b P'ard only c =Chassis, power supply and board e =Enclosed chassis, power supply and board
L = Une cord p =Enclosed panel controller with push-button switches
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WIRING INSTRUCTIONS: AC2000'CONTROL

A. C. INPUT- CHASSIS
I. This control is shipped from the factory connected for 115 volt AC input. To use 230 volt AC input, disconnect the jumpers which

connect the transformer leads #1 to #3 and #2 to #4. Connect only jumper leads #2 to #3.
Wire the AC input to the terminals on the traisformer labeled Li and L2. Secure a ground line to the grounding screw provided.
Consistent with good wiring practice, AC lines should be separate from the low voltago DC wiring in the rest of the system.

2. POWER SUPPLY WIRING - AC2000. (Disregard if received wired).
The red wire (24VDC) from the Power Capacitor "+" terminal is connected to position #2 or, the terminal strip and the
black lead (ground) from the capacitor "-" terminal to position #1. CAUTION - Reverse polarity will damage this circuit.

3. MOTOR WRING - AC2000
Connect motor leads to positions #3 and #4. Connect black lead to #3, red to #4. 16AWG wire is adequate for runs under 10
feet; if a longer distance between controller and motor is required, use 14AWG wire. NOTE: Units with reverse motor mount or
certain gear ratios will require reversing the motor leads (terminals #3 & #4) for proper extend/retract orientation.

4. LOGIC WIRING - AC2000
All logic functions utilize low-level signals and are initiated by normally open momentary contacts. Wire ali logic contacts across
the "Corn" terminal, #5, and appropriate posiion as follows:

Position Circuit Board Label Function

6 "RTR" RETRACT

7 "EXT" EXTEND

8 "STOP" STOP
9 "LS" LIMIT SWITCH

10 "AUX" AUXILIARY

WIRING INSTRUCTIONS: AC2001 (AC2000 with VS001)

5. ADDITIONAL LOGIC WIRING 6. ADJUSTMENTS - Speed Potentiometers
Position Circuit Function E1 INITIAL SPEED EXTEND -

Board Label Turn clockwise to increase speed

11 "LS2" Limit Switch 2 - (speed change) R1 INITIAL SPEED RETRACT --
12 "COM.EXT EN" COMMON -EXTEND ENABLE Turn clockwise to increase speed

- See note below E2 SECOND SPEED EXTEND -
- Seenote elowTurn clockwise to increase speed

13 "COM-RTR EN" COMMON - RETRACT ENABLE rn coD SE reaCT -

- See note below R2 SECOND SPEED RETRACT -
Turn clockwise to increase speed

NOTE: Used with LS2 to IR IR COMPENSATION -
provide for speed change Turn counterclockwise to increase gain
in the appropriate direc-
tion, i.e., if a limit switch 7. DIP SWITCH POSITIONS
Is used to change speed 1 = LS STOP
when extending, but not 2 = LS AUTO-RETRACT
when retracting, it should 2 LS AUTO-ETRAC
be wired to "COM.EXT EN" = LS AUTO-EXTEND
& "LS2". 4 = LS STOP IN RETRACT DIRECTION ONLY

14 "EXT-COMP" EXTEND COMPLETE OUTPUT 5 = LS STOP IN EXTEND DIRECTION ONLY

15 "RTR-COMP" RETRACT COMPI fE OUTPUT 6 = CURRENT LIMIT: AUTO-RETRACT

16 "GND" GROUND -addit~onal ground 7 = CURRENT LIMIT: AUTO-EXTEND
8 = SPARE
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AC 2001 CONNECTION DIAGRAM, MOUNTING DIMENSIONS

axte. z

mu..m. 3

CURFAU

KV.

TRANSFORMER HOOKUP SPECIFICATIONS

115 VAC 208, 230 VAC A. MECHANICAL
Dimensions 'AC2000b VS0O1b AC2001b DC2000* DC2000'

CHASSIS MOUNTING
(!~*~ Length 5.5" 5.5", 5.51 11.0" 7.0"

Width 5.0", 3.0" 5.0", 6.5" 5.6"
P~ Height 1.2" 0.9", 2.2" 2.9' -

A C2 W a AO 1A . t Ambient Tem perature Range
RM--NU111 Operating 00c to 50*C (32'F to 122 )

t 2 3 42 3 4 8. ELECTRICAL
Power Requirements: 0C2000:105 - 120 VAC 50/60 Hz FUSE AGC 2A

-M WO" 1111111T 011 208 -240VAC 50/60 Hz FUSE AGC 1lA
-WAA RMR WO AC2000t,: + 22 to 3OVDC @ 1OA Max.

Input Signals: EXTEND, RETRACT, STOP. LS, AUXILIARY
High level, open circuited + 8.25V0C Max.

______________________________________________Low level. current sinking 0 to .8VDC @IlIma Max.
CONVE SION FROMInput Signal: LS2

AC2001 c - C N E SO FR MAC2000c High level, open circuited + 8.25VDC Max.
Low level, current sinking 0 to .8VDC @1.Oma Max.

(Connection of an VSOO1b to an AC2000c, disregard if Output Signail: COM EXT-EN. COM RTR-EN, EXT COMP. RTR COMP
received assembled) High level, open circuited +8.25VDC Max.: .400ma Max.

Low level, current sinking .5VDC Max.: IlSoma Max.
VSOO1b Pails Ust Output Signal: M +. M-

O2ty. Part # Descriptiont High level Input Voltage - 2VDC Min., 10A Max.
1 VSOO1b Variable Speed circuit bor Low level .SVDC @ 1iOA Max.
4 AC-2014-13 #6-32x2" Flat head machine screw C. INPUT SWITCHING
4 AC-2014-12 1 /4 Nylon Standoff for a #6 screw Input Signal: EXTEND. RETRACT. STOP. LS, AUXILIARY

Low level, pulse width Sins Min.
ASSEMBLY INSTRUCTIONS (;atched Input)

I. Check that all of this parts are accounted for. Delay between inputs Sins Min.
2. Remove the four back mounting s.rews on the AC2000 board; (time to go from extend to retract or vice versa)

two are along the far back edge (side opposite terminal strip) and 'A DC2000 is the chassis power supply only
two are in O~e middle.

3. Install the four 2-inch long screws through these positions making
sure to go through the % inch standoffs located between the
chassis and AC2000 board.

4. Place the 11/4 inch standoffs over these screws; position the
VSOO1 board and install nuts to secure.

6. Connect the nibbon cable from the VS001 board into the AC2000
socket so that the cable makes an "S" tumn and protrudes under
the VSOO1. Align position number 1 on the cable with position

number I on the socket. "~ I"-
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OPERATING INSTRUCTIONS - AC2000 & AC2001

ELECTRIC CYLINDER'CONTROL
The AC2000 series electric cylinder control provides all the power, logic and solid state switching functions required to drive an
Industrial Devices Model 15D electric cylinder. The AC2000 is the basic electric cylinder control providing motor direction switching,
automatic overload protection and dynamic braking. A second board, part number VS001, can be idded to pr6vide additional
functions to the control. An AC2000 used in conjunction with a VSO01 is designated as an AC20L'.

AC2000
The AC2000 has five logic function inputs: EXTEND, RETRACT, STOP, UMIT SWITCH, and AUXILIARY. Each of these inputs,
when grounded, activates that function - logic low true. (A common ground post; terminal #5, is provided for this purpose.) The
inputs are optically coupled for transient protection and noise immunity. Typical devices used to activate the inputs are: a normally
open momentary switch, a relay (form A or C), or an open collector sinking transistor.

MODES OF OPERATION
The AC2000 can be operated in a RUN or JOG mode. A removable jumper is supplied on the circuit board to provide for operation in
the jog mode. NOTE: The control is shipped from the factory with this jumper installed on one pin of the JOG position - (not
connected, RUN mode). To enable the JOG mode - place the jumper across both pins.

JOG:
In the jog mode the cylinder moves only while the extend or retract input is maintained. When the signal is released, the cylinder
will stop. During jog movement, it will also stop when the "stop" or "limit switch" inputs are activated. To residrt, the "extend" or
"retract" inputs must be released and reactivated.

RUN:
In the run mode the "extend", "retract", and "auxiliary" inputs need only to be activated momentarily to latch their operation. The
cylinder will then run continuously until another input is activated or until the unit is stopped. Minimum duration of signal is 5 milliseconds.

LOGIC COMMANDS
All logic functions are initiated by grounding the input terminals as described above. These are low-level signals, 8 volts at 11
milliamperes; light wire and low contact ratings may be used. The control circu;try is designed to ignore contact bounce and transient

, signals. All logic contacts connect across the "Com" terminal. #5, and the appopriate function as follows:
EXTEND:
Contact causes cylinder to extend until it receives a new signal or is stopped due to a current overload such as a mechanical stop
(e.g., end of stroke). See "Current/Overload Sensing" below.

RETRACT:
Same as abo%. but opposite direction. NOTE: Applying a "retract" signal while the cylinder is extending, or an "extend" signal
while retracting, will cause the unit to stop and immediately start in the opposite direction. If both "extend" and "retract" signals are
given simultaneously, the electric cylinder will stop and will not restart until both signals are released and one is reinitiated.
STOP:
An emergency stop control function, this causes an immediate stop. The control will not accept another signal while this condition
is maintained.

LIMIT SWITCH:
A one-shot function; immediately stops the cylinder yet permits other inputs to operate.

AUXILIARY:
Used to resume operation. If the cylinder has been stopped, this input will restart in the same direction as it was previously
traveling.

CURRENT/OVERLOAD SENSING
The single potentiometer in the lower middle of the circuit board sets the current sense threshold. Clockwise rotation of this pot
increases the thrust level it which the control will automatically cause the unit to stcp. Too low a satting will cause the unit to stop
immediately after it starts; too high a setting may break the machine linkage or cause the fuse to blow.
If the cylinder is stopped due to current overload, the input to that direction is disabled. e.g., if the cylinder is extending and reaches
the end of stroke and stops due to current overload, any further activations to the extend input are ignored.
If functional considerations require continued motion after current sense stop, this feature can be disabled-consult factory.
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OPERATING INSTRUCTIONS: AC 2001 CONTROL

AC2001 (AC2000,with VS01)
The VS001 circuit board adds the following functions to the AC2000:1) variable~speed: two independent speed adjustments for each
direction, and,2) additional auto" atic logic functions, including limit switch direction mask, limit switch input to auto-retract or
auto-extend, and auto-extendauto-retract due to current overload.

VARIABLE SPEED
Four speed potentiometers provide four independent speed adjustments, two in each direction. The speed adjustments allow for a
15:1 reduction from the base speed (maximum rated no-load speed for.cylinder). Full clockwise rotation is maximum speed.

El: Sets the first speed used in the extend'direction.
RI: Sets the first speed used in the retract direction.
E2: Allows for a second speed in the extend direction only. the logic is activated by grounding the LS2 input (terminal #11) while

extending. The LS2 input is located on the VS001 terminal strip. See "Common-Extend Enable" below.
R2: Same as above but in the retract direction only. See "Common-Retract Enable" below.
IR: This fifth pot is provided to smooth the motor action at low speeds. It is normally set in the full clockwise position. If significant

changes in load during the cycle cause excessive speed fluctuation, turn counterclockwise to increase the control's sensitivity
to speed change. Adjustment is also needed when the current sense feature is used while running at very slow speeds. In
this case, the IR pot should be slowly rotated counterclockwise until the current sense circuit operates.

DIRECTION CONDITIONAL LOGIC
COMMON-EXTEND ENABLE:
It is used in conjunction with the LS2 input to initiate a speed change in the extend direction only. Additionally, this directional
"common" can be used to enable a limit switch in only the extend direction, or to signal other controls that the actuator is running
in the extend direction. This is accomplished via a sinking transistor output which is grounded only when the control is in the
extend direction.
COMMON-RETRACT ENABLE:
Same as "Common-Extend Enable", but in the retract direction.

OUTPUT SIGNALS
EXTEND COMPLETE:
An output used to signal other electric cylinders or other devices that the unit has stopped. This ;s a sinking transistor output that
will go low once stopped and stay low until the unit is restarted in either direction.
RETRACT COMPLETE:
Same as "Extend Complete" but in the retract direction.

PROGRAMMABLE FUNCTIONS
A variety of complex motions can be obtained by the use of selected stopping and auto-return functions. An eight-position dip switch
is provided to select these actions when they are required. The normal state for the dip switch is in the open position. Closing the
appropriate switch enables that function. Each dip switch position is defined as follows:

Position Function

1 Sets the normal stop function to the limit switch circuitry on the AC2000 board.
2 Sets the limit switch circuitry to auto-retract instead of stop (DO NOT enable position 4 when using this input).
3 Sets the limit switch circuitry to auto-extend instead of stop (DO NOT enable position 5 when using this input).
4 Sets the limit switch circuitry to operate only in retract direction (to be used with position 1).
5 Sets the limit switch circuitry to operate only in extend direction (to be ued with position 1).
6 Enables auto-retract whin a current overload exists in the extend direction.
7 Enables auto-extend when a current overload exists in the retract direction.
8 Spare.
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TROUBLESHOOTING CHART

SYMPTOM CAUSE REMEDY

ACTUATOR DOES NOT MOVE Power not on Check AC voltage

Fuse blown Replace Fuse 115VAC: AGC 2A 230VAC: AGC lA

No DC powrn at AC2000 Check DC voltage at Terminals.#1 and #2. Power supplybad uhless #1 =-GND, #2 = 22-30VDC
Speed setting too low Increase Speed Pots

(AC2001 Only)

Inputs continuously grounded Check for ground on Terminals #6,7,8, and 10- remove ground

No motor power Be sure that a Run signal has been given, then check for
voltage between motor terminals #3 & #4. No voltage -
contact factory

Open circuit between Check wiring to motor leads
AC2000 & motor

ACTUATOR LUNGES Current sense pot too low Increase current sense pot setting
FORWARD AND STOPS Jog plug installed Remove jog plug for Run applications

MOTOR MOMENTARILY Mechanical bind or jamming Check for side load binding; Max. 10 lbs. at Output Bearing
HUMS WIThOUT causing overload
ACTUATOR MOVING* Thrust tube is over torqued Loosen thrust tube and tighten hand tight

deforming Drive nut

Drive nut jammed against thrust Contact factory
bearing due to thrust tube not be-
ing seated against drive nut flange

*NOTES: 1. If Control turns motor on and then off due to current sense overload, the control is working properly and the problem
is mechanical.

2. To check for overload - Install a 0-10 AMP Ammeter in series with the motor and read current while running.
Maximum dynamic current should be less than 4.5 AMP with no load applied to the actuator and 8 AMP at full load.

PARTS UST

Description Part # Description Part #
1. AC2000b AC2000b 9. Jog Plug AC-2010-26
2. VS001b (includes mounting hardware) VS001b 10. Capacitor Holder (Nylon) 999-529
3. Transformer- 999-528 11. Fuse Holder 999-509
4. Capacitor 40V 110OOuF 999-509 12. On-off Switch (pL version only) 999-548
5. Bridge Rectifier 999-510 13. Neon Ught (pL version only) 999-549
6. Fuse AGC 2A (11 5V operation) 999-532 14. %" Nylon Spacer 999-527
7. Fuse AGC 1A (230V operation) 999-547 15. 11/4" Nylon Spacer AC-2014-12
8. Une Cord 999.534
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150 Series Electric Cylinders
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INDUSTRIAL DEVICES CORPORATION / 35 PAMARON WAY / NOVATO, CA 94947 / 415 883-3533

ANALOG POSITION CONTROL

APO01

The APO01 control, used in conjunction with the AC2000 control,
enables a 15D series actuator installed with a linear potentiometer
to be positionally controlled by a 0 to 5 volt signal. At 0 volts
the actuator is at full retract; at 5 volts the actuator is a full
extend.

The APOO automatically decelerates to a slow speed prior to
stopping to minimize overshoot, thereby maintaining approximately
the same stopping point when approaching from either direction.

The APOO1 allows adjustment to (1) the amount of distance before
deceleration begins, (2) the sensitivity hysteresis surrounding the
stopping point, .(3) the maximum speed (4) the slow speed rate, (5)
the IR (current compensation) and (6) two bias potentiometers.

This control operates best when the actuator is under one half of
its rated load. This is because the AC2000 stops the actuator
during a stall condition regardless of what the APOOl commands it to
do and requires a direction change to clear the stall and resume
motion.

THEORY OF OPERATION

The linear potentiometer inside the actuator (LPO-1) is connected
to the AP 1O1 on terminals #11, #12, and #13 (see ,wiring
instructions). The potentiometer is energized with 5 volts DC and
produces a voltage division output proportional 'to its stroke
displacement. For example, at full extend the voltage will be 5
volts, and at one half extension the voltage will be 2.5 volts.

The APO01 compares the linear potentiometer voltage with the
position reference voltage fed in by an external source or by
connecting a potentiometer to the input terminals #16, #17, and #18
(see wiring instructions) and produces a plus or minus differential
voltage proportional to the difference.

If the actuator is at 4 volts and the reference is 91 2 volts then
the APOO, signals the AC2000 board to retract the actuator until the
voltages are the same. The actuator begins retracting at full speed
and then automatically decelerates to a slower speed as it
approaches the stopping point.
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SET-UP AND ADJUSTMENTS

NOTE: THE AC2000 MUST BE IN JOG' MODE FOR PROPER OPERATION

There are five potentiometers which allow the APOO1 to be
adjusted for maximum performance and/or preference for a given
application.

DECEL POT - Clockwise rotation sets the maximum distance
to begin deceleration prior to st6pping, setting a low
differential gain. Counter clockwise rotation reduces the
deceleration distance setting a higher differential gain. Full
counter clockwise rotation may cause unstable operation.
(excessive differential input gain) causing overshoot.

SENSITIVITY POT - This pot sets the amount of input
voltage difference required before movement is made. With large
sensitivity gain, very minute voltage changes cause the actuator
to move. Likewise, with low sensitivity gain the input voltage
difference must be larger before the actuator will move.
Clockwise rotation sets the minimum sensitivity gain; turn
counter clockwise to increase the position sensitivity gain.

FOR EXAMPLE - When the DECEL POT is adjusted for a
larger deceleration distance, it also produces a larger
differential offset voltage null for which no movement occurs
(low sensitivity). That is, the differential offset voltage
between the two inputs which causes no movement is increased.
Increasing the sensitivity gain reduces this differential offset
allowing more accurate positioning.

When the DECEL POT is adjusted for a small deceleration
distance the sensitivity is also increased. Therefore the
SENSITIVITY POT need not be set for as high a gain. It is not
advisable to have both the DECEL and SENSITIVITY pots near their
full counter clockwise rotation, for too much gain on both pots
may cause unstable oscillatory operation.

MAX SPEED LIMIT POT - Counter clockwise rotation reduces
the maximum speed at which the actuator will travel.

SLOW SPEED RATE POT - This pot sets the slow speed at
which the actuator makes its final move into position. Counter
clockwise rotation reduces the final speed. Too slow a speed may
cause the actuator to take excessive time to reach position. Too
high a speed causes jumpy type motion when making short
incremental moves.
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SET UP AND ADJUSTMENTS (cont.)

IR COMPENSATION POT - (Current regulation compensation)
Counter clockwise rotation increases the power the actuator has
at slow speeds when heavily loaded. The normal position is at
full clockwise rotation.

BIAS(+) AND BIAS(-) - These two pots, BIAS(+), labeled
R11, and BIAS (-) labeled R12, enable the operator to limit the
voltage adjustment on the position reference potentiometer. This
in turn limits the maximum and minimum travel distances. When
these pots are turned fully clockwise they are shorted out and
full voltage is output to. the reference pot. Counter clockwise
rotation reduces the output voltage.

LED INDICATORS

There are two indicators used to- show if the actuator is stopped.

GREEN - The GREEN'LED indicates the actuator is stopped
at the proper loca.tion. This light shoulci be in a steady state
and not blinking. If the light is blinkin., reduce the
sensitivity gain by turning the SENSITIVITY POT clockwise.

RED - The RED LED which indicates the actuator has
stalled in a particular direction. If this LED is on, it will be
necessary to reverse the diretion to clear the stall condition.

The stall may have occured in one of two ways: first, by an
overload in which case it will be necessary to reduce the load on
the actuator, or secondly by a rapid increase in speed in the
same direction after having been moving at a slow speed. This
rapid change in speed, from slow to fast, in the same direction
causes an inrush of current to the motor ior which there is no
current masking. If the actuator has stopped prior to the fast
speed, the AC2000 masks the current inrush and ignores the
overload so no stall occurs.
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MODIFICA TION 400
FOR ANALOG POSITION CONTROL, AC 02

Modification 400 adds two outputs and one input to the Analog
Position board, AP001. The outputs are used to indicate when the
position is found and if a stall or current overload has occured.
The input is used to allow movement onl when desired.

TERMINAL DESCRIPTION

Stall - a sinking transistor output which goes
to ground only if a stall has occurred.
To regain movement, a reference input
change forcing the actuator to move in
the other direction is required. During
normal operation the output is at a voltage
level of IIVDC (pulled up by a 1OK ohm
resistor). Maximum sinking current is
50ma.

SPosition - a sinking transistor output which goes to
ground only when the position is found.
When out of position, that is when the
input reference voltage does not agree
with the actuator's LPO-1 voltage, the
output is at a voltage level of JIVDC
(pulled up by a 10K ohn resistor). Maximum
sinking current is 50ma.

2Enable - logic low input, when the input is grounded
.the control is enabled to move the actuator
to the reference position. When the input
is not grounded, the control is not allowed
to move even if the reference input is
different from the actuator's LPF-1.
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INDUSTRIAL DEVICES CORPORATION/35 PAMARON WAY/NOVATO, CA 94947-6284/415 883-3535

ADDENDUM TO AC2001 n'ERATING INSTRUCTIONS

The VS001 multifunction control has been replaced with the "vS00 A to incorporate additional features. The AC2000 basic
controller bcard has been modified to accommodate some of the changes.

A time delay option is available with the designation of VS001AT.

All AC2001 controls will now incorporate the VS001A board. When the time delay functions are included, the control is
designated as AC2003.

To allow for higher cycle rates and increased actuator performance in certain applications, a heavy duty power supply option
is now available. It utilizes a larger transformer and provides greater heat dissipation capabilities. These units are designated
AC2020 and may be used in conjunction with any of the standard controls.The heavy duty power supply contains thermal
protection which will interrupt powei if excessive temperatures are encountered. This will automatically reset when the unit
has cooled to normal operating temperatures.

AC2000/AC2920 - basic control
AC2001/AC2021 - basic control with variable speed, programmable functions and outputs
AC20021AC2022 - basic control with analog positioning control. Used with cylinders equipped with LPO-1 option.
AC20031AC2023 - AC2001 with time delay functions

AC2000 BOARD CHANGES:

The Auxiliary input (terminal 10) is not used unless a VS001 A is installed. Previously it was used to provide a resume function.
With the VS001 A installed this terminal acts as a second limit switch input similar to terminal 9. It is a one-shot stop function
which when selected by the dip switches on SWl can act as a one-shot extend, one-shot retract or trigger to start the optional
timer. See SW1 Dip Switch selection table.

VS001A BOARD CHANGES:

The difference between the old VS001 and the new VS001A is in the use of the programmable dip switches. If you previously
were using an AC2001 and a) all the dip switches were turned off and b) nothing was wired to terminals 14, 15, or 16, the
new AC2001 may be installed without modifying your set-up.

Terminal 11,12 and 13 function as before but terminal 11 is now labeled SP2 instead of LS2 to better indicate its function -
Second Speed Change. Whenever terminal 11 is grounded the logic selects the actuator speed to be that set on the E2 or
R2 potentiometers. This speed remains set even if the ground on terminal 11 is removed. This is cleared once the actuator
is stopped. Upon starting, speeds El and R1 are in effect until terminal 11 is grounded.

Terminal 12, Common-Extend Enable, is a ground output which is present only during the extend cycle. To enable a limit
switch to be seen only in the extend direction, wire the ground side to this terminal. For example, if you want a limit switch to
change the speed of the actuator when it is passed in the extend direction and not wh- -sssed in the retract direction, wire
the limit switch to terminals 1 land 12. If the limit switch is to channe tho speed when, ... J from both directions, wire it to
terr, nals 11 and 5.

Terminal 13, Common-Retract Enable, same as terminal 12 but in the retract directicn.

Ternrinai 14, Extend Complete, is a sinl,'.*g transistor output used to signal other devices that the unit has sloppea. This
outl ut will be triggered by stopping on either LS1 (terminal 9) OR a current overload in the extend d,rection. It will not be
turned on by either the Stop input (terminal 8) or the new AUX limit switch input (terminal 10). Dip switch #5 on SWI selects
which trigger'will be used. On the old VS001, this output was turned on any time the actuator was stopped in the extend direction.

Terminul 15, Retract Complete, same as terminal 14 but in the retract direction. Dip switch #6 on SWl selects which trigger
will be used.

Terminal 16, Time Delay Output Pulse. This output only functions when the time delay option is installed. It is a sinking
transistor pulse which is salected to go low either at the end of he time delay (connect W3) or during the time delay (connect
W2), On the old VS001 this terminal was grounded. When using the uutput pulse at the end of the time delay the pulse width
can b, varied by adjusting pot P6. (approx. 50ms to 2 sec.) The time delay period can be vaned by adjusting pot P7. (approx.
20ms to 20 sec.)

AC2003: (AC2000 with a VS001AT, time delay option)

The time delay option has a variety of functions programmed by the dip switches on SW2. It can cause an automatic extend
or retract at the end of the time delay, be selected to be triggered by LS1 (terminal 9) or AUX (terminal 10) and/or the current
overload signals and te enabled to operate only in a particular direction. In addition, a sinking transistor output is provided
to interface the external iogic (terminal 16). See SW2 Dip Switch selection table.

** OVER'°*
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DIP SWITCH SELECTION TABLES FOR VS0OlA BOARD
AND VS001AT BOARD (TIME DELAY OPTION)

SWI EAP SWITCH SELECTION TABLE: STANDARD LIMIT SWITCH FUNCTIONS

SWITCH # FUNCTION
1 ON : ONE - SHOT RETRACT ON LS1,(terminal 9)

OFF: ONE - SHOT STOP ON LS1

2 ON : ONE - SHOT EXTEND ON LS1 (terminal 9)
OFF: ONE - SHOT STOP ON LS1

3 ON : ONE - SHOT RETRACT ON AUX (terminal 10)
OFF: ONE - SHOT STOP ON AUX

4 ON : ONE - SHOT EXTENDED ON AUX (terminal 10)
OFF : ONE - SHOT STOP ON AUX

5 EXTEND COMPLETE OUTPUT (terminal 14) TRIGGERED BY:
ON : CURRENT OVERLOAD
OFF: LS1 (terminal 9)

6 RETRACT COMPLETE OUTPUT (terminal 15) TRIGGERED BY:
ON : CURRENT OVERLOAD
OFF: LS1 (terminal 9)

7 ON : AFTER CURRENT SENSE OVERLOAD AUTO RETRACT
OFF: AFTER CURRENT SENSE OVERLOAD STOP

8 ON : AFTER CURRENT SENSE OVERLOAD AUTO EXTEND
OFF: AFTER CURRENT SENSE OVERLOAD STOP

NOTES:
1 - SWITCHES 1 AND 2 SHOULD NOT BE TURNED ON AT THE SAME TIME
2 - SWITCHES 3 AND 4 SHOULD NOT BE TURNED ON AT THE SAME TIME

SW2 DIP SWITCH SELECTION TABLE: OPTIONAL TIME DELAY FUNCTIONS

SWITCH # FUNCTION

1 ON : AFTER TIME DELAY AUTO EXTEND
OFF: AFTER TIME DELAY AUTO STOP

2 ON : AFTER TIME DELAY AUTO RETRACT
OFF: AFTER TIME DELAY AUTO STOP

3 ON : TIME DELAY TRIGGERED BY LS1 (terminal 9)
OFF: TIME DELAY NOT TRIGGERED BY LS1

4 ON : TIME DELAY TRIGGERED BY AUX (terninal 10)
OFF: TIME DELAY NOT TRIGGERED BY AUX

5 ON : TIME DELAY TRIGGERED BY EXT DIR CUR OVERLOAD
OFF: TIME DELAY NOT TRIGGERED BY EXT DIR CUR OVERLOAD

6 ON : TIME DELAY TRIGGERED BY RTR DIR CUR OVERLOAD
OFF: TIME DELAY NOT TRIGGERED BY RTR DIR CUR OVERLOAD

7 ON : TIME DELAY ONLY ON EXTENE, DIRECTION
OFF TIME DELAY ENABLED

8 ON : TIME DELAY ONLY ON RETRACT DIRECTION
OFF: TIME DELAY ENABLED

NOTES: PERTAINING TO DIP SWITCHES ON SW2
1 - THETIME DELAYAUTO RETURN FEATURES WILLNOTOPERATE WITH THEJOG

PLUG INSERTED.
2 - SWITCHES I AND 2 SHOULD NOT BE TURNED ON AT THE SAME TIME UNLESS

W1 IS REMOVED
3- SWITCHES 1 AND 5 SHOULD NOT BE TURNED ON AT THE SAME TIME
4 - SWITCHES 2 AND 6 SHOULD NOT BE TURNED ON AT THE SAME TIME
5 - SWITCHES 7 AND 8 SHOULD NOT BE TURNED ON AT THE SAME TIME
6 - WHEN USING AUTO RETURN AFTER TIME DELAY MAKE SURE THE SAME

FUNCTION IS NOT SET ON SWI DIP SWITCHES
7 - TO TIME DELAY ON BOTH ENDS,

-REMOVE W1. TURN ON POSITIONS I AND 2 ON SW2 AND TURN POT P6
FULLY COUNTERCLOCKWISE

162



QU ick WTL
Section 1

Inte-gr-al CCTV.Camera: Positioning!
Protection and MountingSystem

.4..

:1 Iket

F '' T -

163



OPT.30 AC Page

SECTION-1 General Information Check the box contents for (1) Pan/Tilt unit, (1)
mating connector and (1) manual. Retain packing

A. Scope: box if future shipping or storage is expected.

This manual provides information for installation,
adjustment, maintenance and repair of the QPT-30 Chart A
AC Pan/Tilts. The information is limited to what Speciflcations
is considered practical for field repair and
maintenance without requiring special tools All Pan/Tilts
or special techniques. Weight Capacity .......... 30 lbs (13.6 k)

CAUTION: READ THIS MANUAL COMPLETELY Pan Specifications
BEFORE CONNECTING POWER TO PnSeiiainTHFRE N NECTON PERO Rotation ......... 00-3400 (3700 Special Order)
THE UNIT. INJURY TO PERSONS ORgm-cm)
UNIT CAN OCCUR IF THE DEVICE IS Speed...................... 8 0/sec (± 10)
NOT PROPERLY USED. Duty Cycle ...................... Continuous

B. Purpose of Equlpmwnt Motor .............. Permanent Split Capacitor
Motor Protection ......... Impedance Protected

This-ruggedly constructed, heavy-duty, all-weather Drive System ................... Chain/Worm
environmental pan/tilt is designed to remotely Backlash .................... Zero Adjustable
position a CCTV camera and housing, or other Bearings .................. Tomngton Needle
instrumentation, to any degree of azimuth from 00 Limit Switches ........... Internal - Adjustable
to 3400 or elevation from 900 above to 900 below Power ............. 24V - 1.2A, 115V - 0.25A,
the horizon. 220V - 0.13A

C. Description of Equipmet: Tilt Specifications
Rotation ............................ ± 900

Units are constructea of aluminum. steel, and Torque ................. 30 lb-ft (2877 gm-cm)
engineering resins. Dimensions of the pan/tilt are Speed ....................... 30 /sec (± 1/2 0)
121/2" high x 61/2"deep x 111/2" wide and weighs Duty Cycle ...................... Intermittant
18.59 pounds. Exterior and interior are painted. All Motor .............. Permanent Split Capacitor
unpainted steel components have a corrosion Motor Protection ......... Impedance Protected
resistant finish. Drive Systems .................. Chain/Worm
Access to the..........rprovided by a front Backlash .................... Zero Adjustable
and a e covunit interior is ried by fr Bearings ................. Engineered Resinsand a rear cover Each cover is retained by four Umit Switches ........... Internal - Adjustable

captivated screws. Power ............. 24V - 1.2A, 115V - 0.25A,

D. Specifications: 220V - O.13A

See Chart A. General Specifications

Dimensions - See Drawings

SECTION II Installation Weight
Wail Bracket ............... 7.116 lb (3.2 k)

A. General: Pan/Tilt ................... 19.9 lb (9.0 k)
To achieve optimum results from this unit, proper Housing ................... 5.8 lb (2.6 k)
installation procedures should be followed; Total ...................... 32.8 lb (14.8 k)
primarily these have to do with unit location and Weather - Environment
setting limit stops. These items are reviewed in Pan/Tilts - Gasketing and sealed against water
the following paragraphs. and dust.

Housing - Gasketed and baffled against water.
B. Unpack and lnspect Insect proof, air intake filtered.

Carefully unpack thi unit and examine for signs of Dust tight sealing available -
physical damage, particularly dented or broken special order
parts, damage to wire harness or distortion of tilt Ambient Temperature
table or body cover. If any are observed, notify the Auto scan duty + 5°F (-150 C) to + 113-F (45oC)
freight carrier immediately for claim handling. Intermittant duty +5*F (-15*C) to + 131 OF (550C)

1 64 Exterior Finish - Baked on enamel, almond color. ,
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I C. Installation Procedures - Mechanical: diamaters from 6.0" to 8.0" (150mm to
200mm) can conveniently be accommodated

1. Location Site. with this bracket.]

Select a mounting location that will provide the Position adapter as required to locate
desired maximum viewing angles without mounting holes. Secure adapter suitable
permitting the pan and tilt or camera housing to with 1/4" (6mm) screws.
come in-contact with, or strike, any objecis in Secure wall bracket to adapter with "
their sweep paths. Adjustable limit switches are (6mm) screws and nuts.
provided to limit the degree of travel in both
pan and tilt. The pan travel can benarrowod
from the maxirmum of 3400 to any lesser c. Insido Cornor at Intersecting Walls
sweep; the tilt action from 900 above and below Inside corner adapter - Model QWBMIC,
the horizon to anything less. Code 7-17525-0 should be used.

2. Mounting. Position adapter as required to locate mount-
ing holes. Secure adapter with suitable /4

The mounting base (see Figure 1) is pre-drilled (6mm) screws.
with four each %" diameter holes on a 4%" Secure wall bracket to adapter with "
diameter bolt circle in a 41/2" square base. The (6mm) screws and nuts.
mounting attitude may be in any plane. Fasten
the base to a stable platform. We recommend
-5/6" stainless steel bolts and nuts to be used. 4. Intenal Access.
Consideration of wind loading factors on the To remove either pan/tilt cover, loosen four (4)
camera housing and the pan and tilt is captivated Phillips head screws. NOTE: The
important when calculating how solid the screw in the lower left corner of each cover is
mounting platform need be and the strength longer than the other three so that the cover
required in the mounting screws. can be rotated about this screw and remain

captivated while providing access to pan/tilt.
3. Wal Bracket Installation

(Model QWBM-18, Codo 7.17500-3) 5. Setting of Pan and Tilt Limit Stops.

a. Wail or Similar Flat Vertical Surface (1) With a large screwdriver (a good fit

After determinihg desired location (with minimizes damage to the slot) turn the tilt

consideration for clearances required for pan worm shaft "Cl" until the desired "Up"

and tilt, housing, accessories, etc.), use position is attained.

template provided (part number 202517703-7) (2) Rotate the "Up" limit ring "83" (use a
to locate mounting screw centers, screwdriver blade in the slots around the

Screws with large slotted heads for mounting periphery) until its associated switch "S3"

are provided (1/4-20UNC-2A). (A 6mm screw is activated; the tension ring will provide

may be substituted.) The material of the wall enough friction to keep the limit ring in

mounted to, and means of providing female place during normal operations, until you

threads will determine if a substitute screw readjust it.

should be used. We highly recommend the (3) Repeat steps 1 and 2 to set the "Down"
use of a screw with a slotted head as it will limit ring "84".
be much more convenient to tighten.

Insert screws into wall, leaving approximately Pan -

a 3/As" (5mm) loosness. Install bracket on The pan limit stops are set similarly to the tilt stops.
screws and pull downward so screws are in Turn the pan worm shaft "C2" to select the desired
the narrow slot of the keyhole. position. The botton pan limit ring "BI" is the right

Remove plug buttons from front of bracket to (clockwise head rotation) limit adjustment. The second

provide access for screw driver for tightening ring up, "82" is the left (counterclockwise) adjustment.

screws. NOTE: If your pan and tilt unit also has the optional

"Auto Scan", it is normal pr~ctice to set the right and
b. Outside Corner of Btddlng or Pole left limit stops for the maximum angle that can be

Outside corner adapter - Model QWBMOC, achieved without hitting se *e obstruction.
Code 7-17530-0 should be used. [Pole
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Auto 3ar - reliable operation of any motorized instrument

Auto scan is used to limit-automatic scanning to an positioning system. Selection of the type of

important area inside the limits just set. At any time, cable, the size (AWG), the number of

the operator can View the a3s. between that covered conductors required, grounding techniques,
special consideration for wiring to the devices

by auto scan and the ultimate limit stops by panning mounted on the panltilt unit, plug connections
there manually. When control is switched back to and the pan/tilt options are the topics covered
auto scan, the unit will automatically return to the in Section D.
preselected automatic scanning area.

The auto scan switch "S5" is located in front, in the 2. Wire Selection.
area with the drive chains, and is actuated by the Careful consideration should be given to the
scan cam "'E" located between thie switch and the type of cable utilized in order to achieve long
pan limit rings. This cam is in turn actuated by-the term reliability and avoid costly system
two limit rings "B5" and "86". modifications. The type of cable installation,

NOTE: Both auto scan limits MUST BE SET INSIDE such.as underground or overhead, generally
the previously set limit stops. requires cable designed for the specific

application. In addition, the wire may have to

To Adjust Auto Scan - be run in conduit. Check your local electrical
code. Certain pan/tilt models which operate at(1) Rotate the unit clockwise to the ight by turning 24 VAC generally preclude the use of conduit.

the pan worm shaft counterclockwise until the

desired right (clockwise) scan limit position is a. Select the proper size (AWG) of the
attained. conductors.

(2) Rotate scan cam "E" in a counterclockwise Adequate wire size insures that sufficient
direction against its stop, thus actuating the voltage will appear across the pan/tilt motors
auto scan switch "S5". which will provide the required torque to 'move the mechanical load. Among the many

(3) Rotate the top auto scan limit ring "86" fors tha influnce the dmin an

counterclockwise until scan cam "E" moves factorsizat influ m the tage

clocwis enughto pen he utosca swtchof wire size are minimum line voltageclockwise enough to open the auto scan switch anticipated, the weight of the mechanical
"$5"; its tension ring will insure that this limit ring load, the distribution of the mechanical load,
stays in place until you eadjust it. the minimum tilt angle, and the distance

(4) To set the left limit, first rotate the unit by turning between the pan/tilt source and the pan/tilt
the worm shaft clockwise uritil the desired position unit. The pan/tilt power source is usually the
is attained. The san cam should remain stationary controller. However, in the case of the low
in its ciockwise position until it is tripped by the voltage relay box control system, the digital
manual rotation of the left auto =an limit ring control system, the QCSR coaxset receiver,
"65" during Step 5. tone decoder receiver, etc., the pan/tilt power

source is the field box. Adherence to the
(5) Rotate auto scan limit ring "85" (second from top) data provided in the wire selection tables,

in a clckwise dirction until .an cam "E" moves Table 1, 11 and Ill, will insure proper operation
counterclockwise and actuates the auto scan of the pan/tilt unit when operated with the
switch "S5". As before, the tension ring will rated mechanical load and at line voltages
provide enough friction to keep the limit ring 10% below nominal. The information in
in place during normal operations, until you Table I refers to all pan/tilt wires, including
readjust it. auto scan, with the exception of the wires

NOTE: There are stops on the two auto scan limit required for the operation of the
rings that make it impossible to set them in any potentiometer (azimuth elevation readout)
position where the cam will be driven in both and heater options.
directions at the same time. It is important that The wires required for operation of !he
this safety feature not be overridden, potentiometer option should be shielded

and can be #24 AWG or larger for distances
D. Installation Procedures - Electrical: of up to 1000 feet (#20 AWG or larger for

distances up to 2000 feet). The heater
primary power is normally supplied from

The interconnecting cable between the the power mains at the pan/tilt site. The
controller and pan/tilt is vitally important to the heater power requires 110 watts, depending
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upon pan/tilt model. Consult the schematic of are used. Use of a higher voltage tap increases the
the appropriate-pan/tilt unit utilized and use maximum distance for a given wire gauge (AWG).
wire sizes commensurate with your local
electrical Codes. CAUTION: When using higher voltage taps, make

W7r certain that the rmtor voltage as
sko 220 VAC 117 VAC 24 VAC" measured at the pan/tit unit with theAW G OP 30 AT 30 GT 30 motor running is between 25.2 and 22.8
#24 994 284 VAC. In order to assure long term system
#22 1,582 452 reliability, the motor voltage should be
#20 2,513 718 31 maintained as close to the nominal 24
#18 3,997 1,142 49 VAC as possible.
#16 6,356 1,816 78 The maximum distance for a given wire gauge for the
#14 10,072 2,888 124 24 volt model can be dramatically extended by#12 16,072 4,592 197 -utilizing the RB-2 low voltage relay box system.

'If higher voltage taps are available on the controller 2. Wire Selection (Continued).
transformer, the distance may be extended as
indicated in UIe tables shown below. Higher voltage b. To determine the number of conductors
taps are available only on our model 7-45700-5 required between the pan/tilt unit and its
which is included with the QJ-24, or QJAS-24 source of power (usually the joystick
controllers. Much greater distances are possible controller except in the case of the digital or
by using the QRB-2 relay box. low voltage relay box system, where it is the

field box) refer to Table Ill.

Table UI Table iII
Maximum Distance versus Wire Gauge Number of Wires Required

when QJ-24 or QJAS-24 Controllers for PanM/Tit Units:
are used with APT30-24: Nmber of Conductors Required

Between anflit Unit and Its_ OPT-30 - 24 VAC Pit Power Source

AWO 24 V. Tap 27 V. Tap 30 V. Tap AC Pan/Tilt Unit

#24 12 ft. 30 ft. 61 ft. (no auto scan) .......... 5
#22 19 ft. 48 ft. 97 ft. AC Pan/Tilt Unit
#20 31 ft. 77 ft. 154 ft. (with auto scan) ......... 6
#18 49 ft. 122 ft. 245 ft.
#16 78 ft. 195 ft. 389 ft. In addition to the number of wires specified above,
#14 124 ft. 310 ft. 619 ft. one ground wire should be connected from each
#12 197 ft. 492 ft. 984 ft. pan/tilt unit to a power line ground, or earth ground,

at the pan/tilt site. Adhere to the requirements of your
The maximum distances for a given wire gauge, as local electrical codes.
indicated in Tables I and II are relatively conservative.
The basis for their determination was: To determine the number of wires required

1. A maximum of 5% voltage drop in the wiring, to operate the pan/tilt options refer to Table IV.

2. Simultaneous operation of both motors, and Table IV

3. An increase in wire resistance of 14% during, hot Number of Wires Required
weather. for Pouitoner Options:

The maximum distances specified in the table above Opton Nume of Wires Required

can be doubled if the following conditions are Positioner Heater ......... 2
satisfied: Potentiometer ............ 4

1. The pan/tilt mechanical load is 50% of its rated
load, and The power source for the thermostatically controlled

2. The tilt limit stops are set to limit maximum tilt positioner heater option is normally located at the

travel to +45 degrees from horizon. pan/tilt site. Heater power requirement is 110 watts.

The four conductors required for the potentiometerTable II can be utilized only when the controller kit should be shielded form other wires running in
transformer (s) has secondary voltage taps. This is your system. They most frequently are utilized with
only the case when the QJ-24 or QJAS-24 controllers the azimuth elevation readout system (7-47000). Use
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#24 wire for distances up to-100 feet, or #20 AWG with long'nose Oliersin two places (one
for distances up to 2000 feet. for the electrical connection over the

stripped wire and the ot her'for a strain
Remember additional wires for housing and zoom relief function over the wire insulation).
lens functions may be required depending on your 2. Carefully apply a small amount of solder
system requirements; to the electrical connection at the junction~of the stripped wire and contact crimp.
Operating with the Javelin Omni equipment contc crimp.

If autoscan is used-with the Javelin Omni equipment, sufficient to-allow solder to flow and avoid
remove the blue jumper wire that is connected across cold solder joints, but not excessive which
the 68K resistor that is in-series with the autoscan may cause your wire insulation to melt.
output lead. This blue jumper wire is located on a Note that if the proper crimping tool is
three lug terminal strip which is affixedto the upper used, as identified above, it is not
pan bearing support bracket. Please-note that for all necessary to solder this connection.
other autoscan applications (except for that with the
Javelin Omni system), this jumper must be left in Irrespective of the method used to secure
place (shorting out the 68K OHM resistor). the contacts to your wiring, it is adviseable to

check each connection by carefully grasping
3. Connection Information. the contact pin with a pair of long nose

pliers. While holding the wire with your other
a. General Info.rmatlon: hand, gently pull on the contact pin. Make

certain the contact pin does not pull off the
Sever-ltMolex type connectors are available wire when a reasonable amount of force is
at the base of the positioner to provide for applied. Insert the contacts into the
the connection of the pan-tilt and housing appropriate plug body. It is adviseable to
functions to your system wiring. Connector have a Molex extraction tool on hand. This
bodies and contact terminals (both male and tool (for the Molex type 5025 series of
female) are provided for the connections. connectors) may be ordered from Molex
The plug bodies are stamped with their directly. Weather proof the connections if
corresponding P or J designator as necessary. Make certain that your installation
described in the tables below and the complies with your local electrical codes.
schematic diagram. Each of the wires in your The wire colors indicated in the tables that
cable assembly should be stripped about follow are provided for your convenience.
3/16 inch. Make certain the proper male or Use caution when using them since some
female terminal is used with the plug substitution of different colored wires are
housing. Normally the base of the positioner occasionally made because of shortages.
will have three connectors protruding: a
twelve pin connector for the positioner All integrally wired models utilize a 75 OHM
functions (PJ-J2), a fifteen pin connector for stranded cente conductor coiled video cord
the housing and accessory functions to route the video through the positioner.
(P10-J10), and a nine pin connector for the This cable is equipped with ,NC type plugs.
zoom lens functions (PJ3-J3). Some earlier A male BNC plug is provided at the camera
units used identical connector bodies (same end of this cable. A female BNC receptacle
number of pins) for both P2-J2 and P10-J10. is provided at the positioner base end of this
In order to prevent accidental misconnection cable.
of these connectors, the connectors were In QPT30 integrally wired models that are
either color coded differently or keyed by not shipped with a camera housing, the
using a female contact at Pin 5 of P10. Allother contacts in P10 are male. Please wires, which are used for camera and
inspect P10 in your positloner before housing functions are not terminated in any
insptalin our0 ositmne foeyg connectors or terminal block as they exit
installation of J1o to determine if this keying near tha camera mounting platform. The
scheme is used. Note that most units will not schematic indicates a TB1 terminal bloc'
use this keying scheme. A Molex crimping and a J13 plug for convenience and
tool (Molex part number JHTR1719C) isrommfende frt nstalaton JHowever, if suggested connections. This terminal block
recommended for installation. However, ie and plug are not supplied with this model.
one is not available, the following procedure They are usually part of the equipment the
may be used: positioner will interface with (i.e., the camera
1. Carefully crimp the terminal over the wire 1 68 housing and zoom lens).
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b. Customer.Base Connection Information .13 Not Used
For All Integrally Wire Positioners Not 14 Not Used
Equipped With The OpUc l External 15 Not Used
Connector Module: Chassis Ground'" WhtVio TBI-1

All of the wires connected to P3 and PIO *These connections are used only when the optional
(except for Pins 1 and 2"of P1O) are routed pan-tilt heater kit is insta a in the positioner.
through the positionor and up-into the 'The Chassis ground connection to T81-1 in the housing
camera housing. The functions listed for the is made by means of the connection to Pin 7 of Plug P2.
P1O connector (except for Pins 1-and 2) are
defined for your. convenience. Since you, the 3. Plug P3 (Nine Contact) For Zoom Lens
customer, make the connections at both Functions
ends of these wires, you are free to redefine Houng
their functions and use them for any Pin # Function cow Ceantlon"
application your particular system requires.

I Lens Common Brown J13-1
2 Iris Red J13-2

1. Plug P2 (twelve contact) For Positioner 3 Focus Orange J13-3
Functions: 4 Zoom Yellow J13.4

Pin # F Ca/m 5 Reference 3 Green J13-5
(CW)'1 Right Brown ', 6 Reference A Blue J13-6

2 Left - "(CWW)
3 Upwn OYaell !7 Zoom Wiper Violet J13-7
4 Down' yellow..- '4

/! L - 8 Focus Wiper Gray J13-85 Motor Common Green 9 Irds Wiper White J13-9
6 Auto Scan (Optional) Blue
7 Chassis Ground, White/Violet *These connections are used only when lenses equip-
8 Ref 6 (+V) (CW)' Gray ped with potentometers are utilized for preset posi-
9 Ref A (-V) (CCW)' White tioning applications.10 Pan Sense' Black1 Sense* WhiteBrown **J13 is a nine pin connector located in the camera11 Tilt Sense housing for connection to a zoom lens. Note: QPT30

12 Not Used integrally wired models that are shipped without an
integral camera housing do not have this connector

*These connections are used only when the positioner installed.
is equipped with an optional potentiometer kit for elec-
trically sensing the position of the pan-tilt unit. c. Customer base connection
2. Plug PlO (fifteen contact) For Housing and Information for Integrally wiredAccessory Functions: position equipped with theoptional external connector

HouIng (P15-415) module:
Pin # Function Color Conectlon

1 Pan-Tilt Brown None Pip # Function
Heater Hot' 1 Pan Right

2 Pan-Tilt Red None 2 Pan Left
Heater Common* 3 Tilt Up

3 Not Used 4 Tilt Down
4 Not Used 5 Motor Common
5 Spare #1 Wht/Gm TB1-8 6 Auto Scan (Optional)
6 Spare #2 Wht/Blu TB1-7 7 Chassis Ground
7 Housing Violet TB1-2 8 Pan-it Heater Hot (Optional)

Power Hot 9 Reference B (+V) (CCW) For
8 Housing Wht/Gry TBI-4 Positioner Pot Kit (Optional)Power Common 10 Reference A (-V) (CW) For9 Camera White C1o3 Positioner Pot Kit (Optional)

Power Switched 11 Pan Sense for Pot Kit (Optional)
10 Washer Black TB1-5 12 Tilt Sense for Pot Kit (Optional)
11 Wiper WhtBm TB1-6 13 Pan-Tilt Heater Comm a (Optional)
12 Not Used 14 Wiper'
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15 Spare #1 6 Reference A (CCW)-
16 Spare #2?" 7 Zoom Wiper* Violet
17 Housing Power Hot* 8 Focus Wiper* Gray
18 Housing Power Common* 9 Iris Wiper' White
19 Camera Power Switchzd
20 W .'.er" *These connections are used-only when
21 Lens Common lenses equipped with. potentiometers are
22 Iris utilized foi" preset positioning applications.
23 Focus A. Mechanical:
24 Zoom
25 Reference B(CW) for Lens Pot Kit The pan/tilt sections move when the appropriate

if Used internal motors are energized, driving worm gear
26 Reference A (CCW) for Lens Pot sets that rotate the shafts on which the pan

Kit if Used section and the tilt section are mounted.
27 Zoom Wiper for Lens Potentiometer

Kit if Used Both pan and tilt sections goaring consists of an
28 Focus Wiper for Lens Potentiometer inlterally lubricated engineering resin single lead

Kit if Used worm wheel meshed with a dissimilar resin
29 Iris Wiper for Lens Potentiometer "Zytel".

Kit if Used Elevation and azimuth movement limits are

determined by tripper arms activating "make or
The functions of al the wire conected to Pins break" switches, causing instant de-energizing of14 through 20 of P15 have been defiatedthmors

for your convenionce. Since you, the the motors.

customer, connz-t both ends of these The motors utilized in the AC pan/tilt units are
wires, you are free to redefine their permanent split capacitor motors with internal
functions and use them for any application friction brakes. Each motor has two windings of
your particular system requires, equal impedance. A non-polar capacitor is
Video connections are made by cor;nected between onq side of each of these
means of a BNC connector windings. This side of each winding is designated

the hot side. The other two wires of each winding

d. Connection Information 'n are connected together. This side is designated as

Camera Housing: the common side. The motor direction or rotation
is controlled simply by applying an AC voltage to

1. Terminal Board Connection: the appropriate hot side of one winding or the
other. with respect to the common. The capacitor

1I1 Fundon Color is utilized to provide additional starting torque in

1 Chassis Ground White/Violet the proper direction.

2 Housing Power Violet When the pan/tilt unit is near its center of rotation,
Hot neither limit switch is arftivated. Continuity exists

3 Camera Power White between the C and the NC contacts of the limit
Switched switches. If AC power is applied to pin 1 of Ji

4 Housing Power While/Cray with respect to the common pin 5 of J1, the
Common pan/tilt unit will move to the right until limit switch

5 Washer Black S1 is activated. The continuity between the C and
6 Wiper White/Brown the NC contacts of S1 is lost. As a result, the
7 Spare #2 White/Blue motor stops rotating since the voltage has been
8 Spare #1 White/Green removed from the hot side of the right winding.

The pan/tilt unit cannot be moved ang further to
2. Housing Lens Plug Connections the right. It can only be moved to the left by

(Nine Contact P13-J13): applying AC power to pin 2 of J1 with respect to
pin 8 of J of the pan/tilt plug. Movement of the

Pin # Function Color pan/tilt unit just a few degrees to the left will
1 Lens Common Brown cause the continuity between the C and the NC
2 Iris Rod contacts of S1 to be re-established. This will allow
3 Focus Orange the pan/tilt unit to be moved in either direction.
4 Zoom Yellow Switches S2, S3, and S4 provide the limiting
5 Reference B (CW)* ac!ion for the left, up and down functions
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In the auto scan mode, power is continuously to the tightestpoirnt(least backlash). Shut-off
Sapplied to either the'left or ight'motor input leads the power. With a-5/6" box or open end

via the contacts on switch S5. Whenever auto '!rench, loosen slightly the four screws "GI"
scan operation is dered,.an AC voltage is which secure the worm carrier. Tighten the
applied to the common terminal ot ..tch S5 by slotted screw "HI" in the end of the adjuster
means of pin 6 of Ji. Auto'scan switching is wedge block which Will move the worm carrier
accomplished by utilizing a mechanical latching- into-closer contact with the worm gear. DO
system-that maintains the positi o of a momentary NOT OVER TIGHTENI, Retighten the four
switch (S5). Toggling of the switch occurs at each screws "GI". Again test for backdash.
auto scan limit. Provisions have been made to CAUTION - too tight a gear fit will significantly
allow the auto scan, limit trippers to continue increase load on motor.
traveling in the same direction, even after the auto
scan switch toggles to its other stable state. This D. Tilt Section Backlash Adjust:
alows for sector scan operation. Even though the 1. Test for Backlash.
operator may manually move the pan/tilt unit out
of -the auto scan sector, the auto scan switch ($5) Procedurefor adjusting tilt backlash is identical
in the pan/tilt unit will always be in the correct to above procedure for pan (Section IV. C2).
position to move the pan/tilt back in the proper
direction when auto scan operation is resumed. B- Pan and Tilt Bearings:

The pan motion is carried on steel needle
SECTION IV Adlusbnmnts bearings with a thrust load rating many times

A. Backlash: greater than any load encountered. The radial
bearing uses dissimilar engineered resins proven

Backlash is defined as unwanted movement in the over many years to exhibit much better wear
pan or tilt sections. This "play" develops as a characteristics than metal bearings.
result of normal wear and is easily corrected. The tilt bearings are, again, dissimilar resins.
Backlash can develop in two areas:
1. Excessive center distance between worm and Bearing systems do not require additional

worm gear, or lubrication.

2. Axial movement of the worm. SECTION V Maintenance and Repair:

B. Interior Acces: A. Routine Maintenance:

Stop the unit with the tilt head in the horizontal Inspect the unit on a regular basis to assure the
position. Open the covers and consult Figure 1. early detection and correction of any disorder

C. Pan Section Backlash Adjust: before it becomes a problem.

1. Test for Backlash. B. Inspection Intervals:

Test for backlash by gripping the tilt table and The recommended intervals are: Inspect
manually trying to rotate the table left and right. Use Every
Free play should be between 1/4 and 1/32". If
movement is excessive, inspect to determine if: 24 Hour Auto-Scanning 2 months

12 Hour Auto-Scanning, 12 Intermittant 4 months
(1) The worm and worm shaft move axially, No Auto-Scanning, Intermittant Scanning 6 months

and/or
(2) Lost motion exists between the worm and C. lnspftco-i Items:

worm gear. 1. Exterior.

if condition (1) is'present, first check to see that
lock nut "F2" -on the worm shaft is tight enough the exterior paint or cover fitting integrity.
to remove any play (do not tighten it more than
is required to remove play); second, check to (2) Wring - Examine the exterior wiring
see that the entire worm carrier is securely bolted harness for signs of crimping, cracked
in'place. insulation, frayed or pinched wires and
2. Adjust Clearance. loose confiectors.

To adjust the clearance between the worm and (3) Mounting - Check that the mounting bolts
worm gear, use the controller to rotate the unit are securely tightened.
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(4) Other Hardware - Check that none has (binding worm gears, etc.). If the motor does
come'loose. not run,,the, problem is electrical.- Refer to VI.B.

2. lntodoi 4. Mechanical problems -; check for!

(1) Wiring - Examine the interior wires for (a) Loose sprockets indicating sheared pins or
.- 9 keyes.

signs of crimping,. cracked insulation, frayed (b) Chains slipped from'sprocketsor broken
or pinched wires and loose connections. Chains.

(2) Loose hardware - Check and tighten. (c) Binding gears.
(3) Cleanliness - Any foreign material such as B. Electrical Problem:

dust, dirt-orchips can act as an abrasive in
the gear grease and reduce gear life. Make The electrical control system consists of the
certain to remove all foreign material. control module, the interconnecting cable and the

Pan/Tilt itself. Some ._stems include additional(4) ear Lubrication - Visually check theinefebxsucasteTkComdinterface boxes, such as the Take Command
gears tor worn teeth, poor alignment and System, the Low Voltage Relay System, or the
chips. The worm and worm gear should not Digital System. A malfunction in any of these
be lubricated. The gear is made of a components will cause a system failure. Logical
material with an internal lubricant, and troubleshooting procedures must be utilized to
additional grease or oil will not improve isolate the faulty component. It is assumed that
performance, the fault has been traced to the pan and tilt.

Bearings - All bearings-are self lubricating 1. No Operation of the Motor and Fuse
and require no further lubricating. Doe Not Blow.

Motors - These are lubricated for their
design life and require no added lubricant.

b. Connect a meter across the motor armature.Chains - These should be lubricated with a
low viscosity oil. c. Activate the function. If the meter reads thecorrect voltage, the problem is probably a

(5) Chain Adjustment - Slack in chains is not defective motor. If there is no voltage at the

detrimental and does not affect backlash. motor I there is n the
Do nt oer-ightn tem.motor terminals, the problem is in the

Do not over-tighten them. cabling between the connector and the motor

(6) Bacldash - Check for unwanted movement or the limit switches.
(looseness) in either pan or tilt drives. Refer NOTE: (1) Pan/Tilt units'that operate in the Auto
to SECTION IV, A,B,C, and D for Scan Mode put flexing stress on the wires.
adjustment instructions. If these wires ever need to be replaced,

SECTION VI Troubleshooting: use AWG #18 or #22 stranded wire, with
NINETEEN OR MORE strands. Use themost flexible wire available.

Visual inspection of the unit while operating the pan

and tilt will usually reveal if the problem is (2) Most AC motors use a non-polar capacitor.
mechanical or electrical. Straightforward common- Because of the reactive nature of the
sense trouble shooting techniques should reveal the components involved, the AC voltage
source of the trouble. Some general information to measured across the capacitor will usually
assist in your troubleshooting procedure follows: be higher than the source voltage. This

capacitor is utilized to provide high motor
A. Determine if the Problem Is Mechanical starting torques in the proper direction. A

or Electrical: motor may or may not run (depending

1 . Remove the pan and tilt cover, upon its mechanical load) if this capacitor
is defective. If the motor does run it

2. Activate the function at the Control Module and usually sounds noisier and less smooth.
determine if the motor is running. If the motor is Direct substitution is the best method of
running, the problem is mechanical. Refer to isolating a faulty capacitor. Use only a
A-4 below. If the motor is not running, the non-polar capacitor of sufficient voltage
problem may be either mechanical or electrical, and capacitance rating. The value of

3. Mechanically uncouple the motor by removing capacitance is critical. Too little

the chain from the sprocket. If the motor capacitance will provide too low starting

operates, the problem is most likely mechanical torque; too high capacitance will result in
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excessive motor temperature. Make certain (3) A mechanical problem in the latching
that this capacitor is checked before the mechanisrm which may be as-simpie as
motor is replaced. rOalignmbet of the auto .scan -witch or

careful bending of the switch actuator
2. No Operation of the Motor and Fuse Blows. arm.

a. Remove the pan/tilt cover and remove the c. Position the Pan/Tilt unit approximately
four screws securing the. mail connector to midway between the auto-scan limits and
the base of the pan/tIL, activate-the controller auto scan switch. If

the unit remains stationary, th~e problemb. Visually inspect the circuitry for any short mahen anoteifollngt em
circuits. may be any of the lowing items.

(1) An open connection between the auto
c. Disconnect the motor. Use an OHM meterscnpn)(oewrinAuis)fto check the cabling. If no apparent scan pin(s) (one wire in AC units) of

problem is found, the motorcould be the connector at the base of the pan/tilt
probem i fond, he mtorcoul beand the auto scan switch.

defective. Mechanically uncouple the
motor by removing the chain from its (2) A defective switch.
sprocket and apply power directly to the
motor. If the fuse blows, the motor is SECTION VII Accessories:
probably defective.

ATP Arctic Heater Package3. The PanITIlt Stalls at the Umit Switch.

Check the: P3090 58600 Potentiometer Kit

(a) limit switch;
(b) connections to the motor;
(c) motor.

4. The Pantfllt Unit Does Not Stop When
the Umit Switch Is Actlvated.

Check the:
(a) wiring for a short across the normally

closed and common contacts;
(b) limit switch.

5. The Pant'lt Does Not Auto Scan.

a. Put the system in the manual mode and
check to see if the Pan/Tilt will move in
both directions when the joystick is
activated. -f it does not, refer to VI-8-3. If
the Pan/Tilt does move in both the left
and right directions, the trouble is in the
auto scan circuitry. The trouble could
either be in the control unit, any field
boxes if used (i.e., take command, low
voltage relay box. digital receiver, etc.), or
the Pan/Tilt unit itself. If the problem is
isolated to the Pan/Til unit, proceed to
steps b. and c.

b. Position the Pan/Tilt unit approximately
midway between the auto scan limits and
put the system in the auto scan mode. If
the Pan/Tilt unit runs until it stalls at one
of the limit switches, the.problem may be
any of the following items.

(1) An open connection between the auto
scan switch and the motor winding.

(2) A defective auto scan switch.
173
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STEERING ACTUATOR

DATA SHEETS
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Gearm otors

Ferrite Series

i Ac

"4 
4 .

~ J

FEATURES

* Flat shape light weight

* Fast acceleration

* Zero cogging

* Smooth torque over entire speed range

*Available with PWM amplifiers, analog tachometers,
and optical encoders
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HOW TO USE THIS MANUAL

This manual is divided into several sections to help you familiarize
yourself with the VXA Series amplifiers in an orderly and logical
manner.

1. Introduction - Provides a general description of the amplifier and
how to apply it.

2. Specifications - Describes the features of the VXA amplifier and
lists the electrical and mechanical specifications.

3. Inputs and Outputs - Explains the input and output connections,
adjustments and jumpers.

4. Wiring Instructions - Covers power wiring, motor connections and
wiring of input signals.

5. Setup Instructions - Step-by-step procedure for powering up the
amplifier and setting the adjustments.

6. Troubleshooting: A simple checkout procedure in case of
difficulties to determine if the VXA is working properly.
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i.0 Introduction

The VXA is a pulse-width modulated servo amplifier specifically
designed to drive PHI's low-inductance, high-performance disc
armature dc servo motors. t is a compact, self-contained unit
which includes its own power supply and inductor and requires only
the addition of a power transformer or, optionally, a dc supply.

This unit features extensive fault protection which guards against
short circuits, excess current and power supply failure. Motor
protection is accomplished through the use of elect,-;'nc current
limiting, which is fully adjustable.

The VXA amplifier may be operated in both velocity loop and torque
modes, with or without a tachometer. Mode selection is by means of
jumpers on the circuit board.

The switching frequency in the VXA family is above 20 kHz, which
provides inaudible operation. This high switching frequency also
delivers very high bandwidth in the current loop, capable of
meeting the most demanding servo applications.

Hook-up and operation is accomplished by carrying out the following
steps:

i. Apply ac or dc power to the amplifier.
2. Connect the motor.
3. Connect command and feedback signals.
4. Select mode of operation.
5. Set amplifier controls to match application requirements.
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2.0 System Description

2.1 Features

Modular Design

Single circuit board design which includes built-in power supply

and inductors.

Four-quadrant PWM Operation

Pulse-width modulation provides bi-directional motor operation.

20 KHz Switching Frequency

High frequency switching 7or inaudible operation.

Extensive Fault Protection

Includes protect'on against:
i. short circuits
2. current imit failure
3. power suiply failure

Velocity or Torque Mode Operation

Selectable by a jumper on the circuit board.

Tachometer or EMF Sensing Feedback Modes

Selectable by a jumper on the circuit board.

Adjustable Compensation

Adjustable breakpoint laglead network simplifies servo system

stabilization.

Adjustable Current Limiting

Full range current adjustment gives maximum flexibility In matching

the amplifier to the application.
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2.2 Specifications

Input and Output Power

Input Voltage ...................... 9 to 22 vac, i phase, 50/60 Hz
or 12 to 30 vdc

Output Voltage ........... 12 to 24 vdc, depending on input voltage
Output Current ........................................... 8.0 amps

Electrical Characteristics

Switchin'r -uluency ....................................... >20 Khz
Form Factor ............. ........................1 .01
Gain (velocity mode) .................................... 40 amp/mv
Gain (current mode) .................................... . 0.8 amp/v
Minimum input impedance ............................. 00 kohms
Offset ........................ . ............. . .. . . adjustable to ::ero
Drift ..................................................... 0.27./°C

Bandwidth (velocity loop) ................................. 500 Hz
Bandwidth (current loop) .................................. 2000 Hz
Dead Band .............................................. ......... 0

Signal Input Voltage Range
Command Signal .................................... . /- ±0 vdc
Tachometer Signal ............................. +/- 35 vdc

Operational Modes

i. Velocity amplifier with tachometer feedback
2. Velocity amplifler with EMF Sensing
3. Torque (current) amplifier

A djustments

i. Offset
2. Input Gain
3. Tachometer Gain
4. Compensation
5. Current Limit
6. IR Compensation

Special Input and Outputs

i. Run Enable
2. +/- 15 vdc reference
3. LED Fault Indicator
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3.0 Connections, Jumpers, Adjustments, and Indicators

Hote: Refer to Figure i fur the i;:ation of parts described below.

3.1 Terminal ConnectionS

TB! Power Connections

TBi - Terminals I & 2 Motor Connections
Terminal i is for (+) motor lead.
Terminal 2 is for (-) motor lead.

TBI - Terminals 3 & 4 AC Input
A power transformer (9 - 22 vac) can
be connected here to run the
amplifier and motor.

TB2 - Terminals 5 & 6 DC Input
A dc power supply (12 - 30 volts)
can be connected here to run the
amplifier and motor.
Terminal 5 is for +DC supply
Terminal 6 is for -DC supply

NOTE: Either the AC Input or the DC Input is used, depending on the
power sourc" available.

TB2 Signal Connections

TB2 Terminal i Current Command Input
Used as the input when operating the

amplifier in the torque (current)
mode. Accepts a command voltage with
a range of /- 10 volts.

TB2 Terminal 2 Slpnai Ground

This Is the circuit ground.

TB2 Terminal 3 Velocity Command Input

Used as the input when operating the
amplifier in the velocity mode.
Accepts a command voltage with a
range of +/- 10 volts DC.

TB2 Terminal 4 Tachometer Inpu
The ( ) output of the tachometer is
connected here. The (-) output goes
to signal ground (TB2-2).

TB2 Terminal b -15V Reference

Connected to the internal -t5 volt
logic supply. May be used as a
voltage reference (10 ma. maximum).
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TB2 Terminal 6 +15V Reference

Connected to the internal +15 volt

logic supply. May be used as a

voltage reference (10 L a. maximum).

TB2 Terminal 7 Enable
Connecting this terminal to +15

volts is required for the motor to
run.

3.2 Jumper Connections

Speed/Torque (SB-2) Select. betven amplifier operAtion
in the velocity or torque mode.

EMF/Tach (SB-i) Selects between tachometer feedback
and IR compensation (emf sensing)
for speed control.

3.3 Adjustment Potentiometers

Offset Used to set the motor speed to zero
when the commanded speed is zero.

This adjustment eliminates any dc
offset voltage in the servo loop

from either internal or external
sources.

Gain A gain adjustment for the command
input. Fully CCW gives maximum gain

and fully CW gives 1/10 of maximum
gain.

Tach (Gain) AdJust A gain adjustment which is used to

calibrate the motor speed to the

command signal. CW adjustment
increases gain and decreases motor

speed. CCW adjustment decreases gain
and increases motor speed.

Compensation Adjusts the transient response of

the servo system to minimize
overshoots and undershoots. CW

rotation increases compensation.

Current Limit Sets the maximum current that can be

delivered to the motor. Fully CW = 0

and fully CCW = 8 amps.

IR Compensation Calibrates the amplifier for

operation in the emf-sensing mode.

CCW adjustment increases
compensation.
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3.4 Indicators

LED I -Red LED',o the circuit board lights
when a fault has occurred.

Fi Fuse A 10 amp, 32 Volt fast-blow f-usa in
the main DC supply line limits
damage from shorts or component
breakdowns.
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c.o wiring instructions

DO NOT POWER UP UNTIL ALL AMPLIFIER CONNECTIONS ARE MADE TO AVOID

POSSIBLE DAMAGE TO THE AMPLIFIER, MOTOR AND YOUR EQUIPMENT.

Refer to Figuw 2, System Wiring Diagram, as you go through the

following procedure.

4.3 Poer Wiring

A&-l power connections are made on TBI. The VXA develops a DC bus
voltage from either input option below. It is recommended that the
bus voltage be matched with the motor voltage rating, so that the
motor will not be driven to excessive speeds if full voltage is
applied.

The bus voltage may )e obtained from a DC supply, such as a
battery, or an AC supply, such as step-down transformer from 115
VAC power.

AC or DC Input Power

Connect a source of either AC power or DC power, not both, to TBI

in accordance with the instructions below.

Ac O. t ion

Connect the external power transformer (9 - 22 VAC, 50/60 Hz) as
shown in Figures 3 or 4. Use i6 gauge wire. Refer also to

transformer Dwg. TT-0032-, in the Appendix of this manual.

(a) The secondary winding is connected to TBi terminals 3 & 4. No
polarity has to be observed.

(b) The primary winding is connected to a source of 105-125 VAC,
50/60 Hz, I phase (Figure 3) op 208-240 VAC, 50/60 Hz, i phase

(Figure 4).

DC Option

Connect a DC voltage (12 - 26 vdc) to TBi between terminals 5 & 6.

Hake the positive connection to terminal 5 and the negative

connection to terminal 6. Use 16 gauge wire.

Motor Connections

Connect the positive (+) motor lead to TBt terminal i and the

negative (-) motor lead to TBi terminal 2. Use 16 gauge or larger
wire. With this wiring, the motor will rotate clockwise when the
command signal on TB2 is positive.

You have now completed the connections to TBl. We will return to

TBi terminals i & 2 (the motor connections) later when we set
current limits.
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4.2 Control Signal Wiring

All control connections are made on TB2. Follow the From/To table
below.

From To

TB2 Terminal 7 .15 Volts (TB2-6)
(Enable) This- connection enables the

amplifier and permits the motor to
run. This can be done through an
external contact from a master
control or by using a Jumper to Keep
the amplifier en blei at all times.

TB2 Terminal 3 Command or Controller Signal
(Velocity Command Input) This is the normal input for

commanding the amplifier in the
velocity mode.

TB2 Terminal i Command or Controller Signal
(Current Command Input) Use this input instead of TB2-3 if

you will be using the amplifier in
the torque or current mode.

NOTE: Use a shielded twisted pair with the shield connected
at the signal source. (22-gauge wire is OK.)

TB2 Terminal 4 Tachometer Positive Connection
(Tachometer Input) If you are using a tachometer,

connect the (+) output here and the
(-) output to the signal ground at
TB2-2.

NOTES: i. Use a shielded twisted pair with the shield
connected to TB2-2. (22-gauge wire is OK.)

2. Tachometer voltage must not exceed +/- 35 volts.

TB2 Terminal 2 Signal Grounds
(Signal Ground) This is the return for the command

and tachometer signals.

Application Note: Using the VXA as a Sell-Contained Speed Controller

The VXA may be operated as a self-contained speed controller by
supplying a command voltage from the wiper of a potentiometer. A
10K potentiometer with series resistance Rs can be powered from the
internal +15 volt and -15 volt supplies available on the VXA.
Figure 5 shows schemes for connecting the potentiometer for one-
direction and two-direction speed control, with and without
tachometer feedback. Use the Rs values shown below. Consult PMI for
motors or tachometers with Back-EMF constants outside of ranges
shown.

Rs (ohms) Back-EMF Constant Range (V/KRPH)
33X i to 5 (ferrite motors)
51 5 to 20 (alnico motors 9&12 size)
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5.0 Setup Instructions

Depending on the mode you will be using, go to the appropriate

section.

For Go To

Velocity mode with tachometer Section 5.1
Velocity mode with EMF sensing (IR Compensation) Section 5.2
Torque (current) mode Section 5.3

5.1 Velccity Mode With Tachometer

NOTE: FOLLOW EACH STEP SEQUENTIALLY. DO NOT APPLY POWER TO THE
AMPLIFIER UNTIL INSTRUCTED TO DO SO.

STEP

Vi. Check the Speed/Torque jumpe SB-2 (See Figure 1)
Make sure the jumper is in the Speed position.

V2.'Check the EHF/Tach Jumper SB-i
Make sure the jumper is in the Tach position.

V3. Preset the adjustment potentiometers
The potentiometers should be set as follows:

Function Setting Pot Condition

Gain Fully CW (Pot 3) minimum gain
Tach Adjust Midpoint (Pot 2) medium gain
Compensation 3/4 CW (Pot 5) nearly max.
IN Comp Not Used (Pot i) --

Offset Fully CCV (Pot 4) motor goes CW
Current Limit Fully CW (Pot 6) min. current

Please note that the pot numbers are not sequentially marked
on the circuit board but are identified on the chassis. Refer
to Figure 1.

V4. Connect a jumper wire across motor terminals I and 2 on TBi.
Use 16 or 18 gauge wire.

VS. Connect a DVM (set to i or 2 volt range) across resistor Ri.
This is the large power resistor on the edge of the circuit
board.

V6. Remove command voltage at input terminals 3 and 2 of TB2.
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VT. Turn on powe to the amplifier.

V8. Enable the Amplifier.
For setting-up purposes, continually enable the amplifier
by installing a jumper wire between. TB2-6 and TBZ-T.

Note: If LED fault indicator ights refer to Section 6.1
in this manual.

V9. Check and AdJust Current Limit
Turn the Current Limit pot fully CCW to allow maximum current
flow. The DVM should read about 0.8 Volts DC. This c.rresponds
to 8 Amps which is the maximum continuous current the VXA
delivers.

Adjust the Current Limit pot to the desired continuous current
setting for the application. The scale factor is 0.i volts per
amp. With proper conservative motor sizing, this current
setting should not exceed 80X of the continuous current rating
of the motor.

Consider an example where a setting of 6.5 amps is desired. To
obtain this, adjust the Current Limit Pot until you read 0.65v
on the volt meter.

ViO. Turn off the power
Having completed setting the continuous current, turn off the
power to the amplifier.

Vii. Remove the Jumper between TBi terminals i & 2 and see that the
motor leads are properly reconnected.

Vi2. Remove the Jumper temporarily from TB2-6. This lisables the
amplifier.

Vi3. Pre-adJust Offset

Turn the Offset pot to midpoint.

Vi4. Reconnect command voiage to TB2-3 and TB2-2.

ViS. Restore powe
Apply power to the VXA again.

V16. Safety Check Method of Enabling Motor
a. Be sure you have a zero-volt command signal or ground the

Voltage Command input terminal (TB2-3).
b. Touch the enable jumper to TB2-6.

The motor will now be powered. It should be in a locked
position or rotating slowly. If it runs away at high speed,
immediately disable it by pulling away the jumper wire from

TB2-6. Reverse the tachometer leads and try again. When you get
the motor working properly, permanently reconnect the enable
Jumper.
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V1T. Adjust Offset
Set the command voltage to zero. If the motor is slowly
rotating, adjust the Offset pot until it stops.

Vi8. Adjust motor S.ed
Determine the maximum command voltage that will be available.
Usually it is +/- 10 vdc. When this is the voltage level being
used, the Gain pot remains at minimum .(fully CW). The Gain Pot
has a range of 10:1 so that the VXA can handle a command signal.
as small as +/- I vdc.

Apply the maximum command voltage. The motor will run up to
some speed. Determine this speed by using a hand tachometer or
measuring the voltage delivered by the motor tach at TB2-4.
Using the Tach Adjust Pot, set the desired motor speed
(typically 3000 rpm for iv command). CCW adjustment increases
the speed of the motor (less tach gain), and CW adjustment
decreases it (more tach gain).

Check the speed range and tracking by applying various command
levels. Also check full speed in the opposite direction by
commanding a maximum negative voltage.

Vi9. Adjust Compensation
As a coarse adjustment, the Compensation pot may be left at the
3/4 CW position. This provides satisfactory performance in a
large majority of cases. To optimize the response of the servo
loop, the compensation may be fine-adjusted in accordance with
the procedure below.

Fine Adjustment of Compensation
(Requires an oscilloscope and a function generator)

This procedure is used to optimize the transient response of
the servo system by minimizing overshoots and undershoots. The
response of the servo ioop can be observed by using an oscillo-
scope and a function generator. Connect the oscilloscope to the
tach feedback signal, which will indicate motor velocity in
terms of voltage. Coanect the function generator to the
Velocity Command input terminal. The output of the function
generator should be a low frequency square wave. The frequency
must be low enough to enable the motor to reach a steady state
speed. The square wave will provide a step input to the system
and the tach voltage will show the response.
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-If your tachometer signal has high ripple content, the
following RC filter network is recommended.

10k

Analog Tach

1k ' .032 F Oscilloscope

Bandwidth * 500 Hz. @ -3db point

If you need a lower cut-off frequency, use a higher value for
the capacitor.

The amplitude of the square wave should be adjusted to your
desirea operating speed. The scope should be triggered on the
rising edge of the square wave. If there is a storage scope
available, a single trace of the system response can be stored.

The scope should display one of the following wave shapes:

Over Compensated

Voltage

Under Compensated

Critically Compensated

T

Set the compensation adjustment to obtain a critically
compensated response. This will be the fastest response without
overshoot. If th* system Is over-compensated (slow response
with overshoot), turn the Compensation pot CCW. If it is
under-compensated (overshoot and oscillation), turn it CW.

V20. Readjust the Offset
Apply a zero voltage command to the amplifier. If the motor is
turning, adjust the Offset pot to bring it to a stop.

This ccncludes the adjustment and setup procedure for velocity
mode applications using a tachometer.

' 195



5.2 Velocity node With EHF Sen-ing

NOTE: Follow each step sequentially. Do not apply power to the
amplifier until instructed to do so.

STEP

VEi. Check the Speed/Torque jumper SB-2 (See Figure 1)
Make sure the jumper is in the Speed position.

VE2. Check the EMF/Tach jumper SB-i
Make sure the Jumper is in the EMF position.

VE3. Preset the adjustment potentiometers
The potentiometers should be set as follows:

Function Setting Pot # Condition

Gain Fully CW (Pot 3) minimum gain
Tach Adjust Not Used (Pot 2) --

Compensation 3/4 CW (Pot 5) nearly max.
IR Comp Fully CW (Pot 1) minimum
Offset Fully CCW (Pot 4) motor goes CW
Current Limit Fully CW (Pot 6) min. current

Please note that the pot numbers are not sequentially marked
on the circuit board but are identified on the chassis. Refer
to Figure 1.

VE4. Connect a jumper wire across motor terminals i and 2 on TBi.

Use 16 or 18 gauge wire.

VE5. Connect a DVM (set to i or 2 volt range) across resistor Ri.
This is the large power resistor on the edge of the circuit
board.,

VE6. Remove command voltage at input on terminals 3 and 2 of TB2.

VET. Turn on powe to the amplifier

VE8. Enable the Amplifier

For setting-up purposes, continually enable the amplifier
by installinC a jumper wire between TBZ-6 and TB2-7.

Note: If LED fault indicator lights refer to Section 6.1 in
this manual.

VE9. Check and Adjust current limit
Turn the Current Limit pot fully CCW to allow maximum current
fl.ow. The DVM should read about 0.8 vdc. This corresponds to 8
Amps which is the maximum continuous current the VXA delivers.
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Adjust the Current Limit pot to the desired continuous current
setting for the application. The scale factor is 0.i volts per
amp. With proper conservative motor sizing, this current
setting should not exceed 80% of the continuous current rating
of the motor.

Consider an example where a setting of 6.5 amps is desired. To
obtain this, adjust the Current Limit pot until you read 0.65v
on the volt meter.

VEiO. Turn off the power
Having completed setting the continuous current, turn off the
power to the amplifieri

VEii. Remove the jumper between TBi terminals I & 2 and see that the
motor leads are properly reconnected.

VEi2. Reconnect Command Voltage and Set to Zero.
Be sure you have a zero-volt command signal or ground the
Voltage Command Input Terminal (TB2-3)

VEi3. Restore Power
Apply power to the VXA again.

VEI4. Adjust Offset
The motor will now be powered. I. should be in a locked
position or rotating slowly. Adjust the Offset pot, if
necessary, to stop the motor.

VE15. Test motor speed control
Apply some positive and negative command voltages. The motor
should rotate clockwise and counterclockwise, respectively.

VEI6. Adjust IR Comp pot
Return the motor to Xero speed (2ero command). Slowly turn the
IR Comp pot CCW until you hear a low frequency niuse from the
motor (motor may also begin to rotate slowly at this point).
Back off by going CW again until the noise (oscillation)
stops.

Under loaded conditions, the motor may start oscillating
again. In this case, repeat this adjustment.

VEi7. Readjust Offset Pot,
If necessary readjust Offset pot to bring the motor to a stop.

VEI8. Adjust Motor Speed
The Gain pot is used to calibrate the motor speed to the
command signal. Apply the maximum command voltage you will be
using (+/- 10 vdc maximum), and adjust the Gain pot until the
motor Is running at the desired speed.

Check the speed range and tracking by applying various command
levels. Also check operation in the opposite direction by
applying negative voltages.
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VEi,9. ReadJust Offset.
Set the command voltage to zero.. If the motor Is slowly

rotating, adjust the Offset pot until it stops.

VE20. Fine Tuning
To optimize performance, you may touch up adjustments of three
pots:

Compensation Pot
IR Comp Pot
Offset Pot

Start by slowly turning the Compensation pot CW until you hear
a high pitched noise from the motor. Then bac!: off CCW until
it stops, but no further. If you do not get the high pitched
noise leave this pot fully CW.

Now readjust the IR Comp pot as in Step VE6. You may have
some slight interaction with the Compensation pot. If you hear
a high pitched noise, readjust the Compensation pot to stop it.

With this second adjustment of the IR Comp pot you may have to
readjust the Offset pot siightly to bring the motor to a stop.

You have now completed adjustments of the VXA for operation in
the EMF mode. Keep in mind,that this mode does not gives the
same level of stiffness, stability and speed regulation as a
motor/tach combination. i:n many applications, however, it will
provide satisfactory performance.
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5.3 Torque Node

Important: Hormally the torque mode should only be used with a
digital positioning controller which also controls motor speed.
Before applying this amp lifier in the torque mode, we recommend
that you contact the PHI Applications Engineering Department.

Follow each stop sequentially. Do not apply power to the amplifier
until instructed to do so.

STEP

Ti. Check the Speed/Torqu Jumper SB-Z (See Figure i)
HaKe sure the jumpej' is in the Torque position. This disables
both the tach and emf-sensing sections of the VXA circuitry.

T2. Preset the adjustment potentiometers
The potettiometers should be set as follows:

Functior. Setting Pot € Condition

Gain Not Used (Pot 3) --

Tach Adjust Not Used- (Pot 2) --

Compensation Not Used (Pot 5) --

IR Comp Not Used (Pot i) --

Offset Hot Used (Pot 4) --

Current Limit Fully CW (Pot 6) min, current

Please note that the pot numbers are not sequentially marked
on the circuit board but are identified on the chassis. Refer
to Figure i.

T3. Connect a jumper wire across motor terminals i and 2 on TBi.
Use 16 or iS gauge wire.

T4. Connect a DVM (set to i or 2 volt range) across resistor Ri.
This is the large power resistor on the edge of the circuit
board.

T5. A a command signal of 1O volts (See Figure 2)
The command signal is connected between TBZ-i (I. Comm) and
TBZ-2 (ground).

T6. Turn on power to the amplifier

T7. Enable the Amplifier
For setting-up purposes, continually enable the amplifier by
installing a jumper wire between TB2-6 and TB2-7.

Note: If LED fault indicator lights refer to Section 6.1

in this manual.

T8. Check Current and Current Command

With the i0 vdc input command, check for maximum current
delivery by turning the Current Limit pot fully CCW. You should
read 0.8 volts dc on the DVM, which corresponds to 6 amps.
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Leaving the Current Limit Pot fully CCW, check the current
command function by applying various voltage levels to the I
Comm. terminal and observing the reading on the DVH. The
relationship of current to command voltage is fixed at 0.8 amps
per volt. Therefore a I volt command will produce 0.8 amps, 2
volts gives 1,6 amps etc.

Change the polarity of the command voltage and check for a
reversal of current flow.

T9. Adjust current limit
Reapply i0 volts to the I. Comm input. The DVM will read 0.8
volts. Adjust the Current Limit pot to the desired continuous
current setting for the application. The scale factor on the
DVM is 0.1 volts per amp. With proper conservative motor
sizing, the application should not require more than 80X of
the continuous current rating of the motor.

Consider an example where a setting of 6.5 amps is required. To
obtain this, adjust the Current Limit pot until you read 0.65v
on the DVM.

TiO. Turn off the power
Having completed setting the continuous current, turn off the
power to the amplifier.

Tii. Remove the jumper between TBi terminals i & 2 and see that the
motor lead3 are properly reconnected.

T2. Restore Power
Apply power to the VXA again. With zero command the motor will
be locked in position. As command voltage is applied, the
torque of the metr will vary accordingly.

This concludes the adjustment and setup procedure for torque
mode applications.
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6.0 Troubleshooting

When problems occur in servo systems any of the components can be
suspected. Listed below is a quick-check procedure to follow if you
think the problem is with the VXA. The intent and scope of this
procedure is to establish whether the VXA amplifier is functioning
properly or not.

It is recommended that you go through these quick checks before
consulting the PHI. If you determine that the amplifier is faulty
we recommend that you return it to the factory for repair.

6.1 If LED Indicator Goes On During Set-Up Procedure.
The LED fault indicator can go on if the Current Limit pot is not
set at minimum (fully CW) in any of the Set-Up Procedures: 5.1,
5.2, or 5.3.

If the light goes on when you enable the amplifier, remove the
enable jumper, check that the Current Limit pot is set at minimum
and re-enable.

6.2 Quick-Check Procedure

i. Remove power from amplifier.

2. Check and/or replace 10 Amp fuse Ft.

3. Remove all signal Inputs to amplifier.

4. Remove motor leads and put jumper across TBl-i and TBi-2.
Use 16 gauge wire.

5. Put the SB-2 Speed/Torque jumper on the circuit board to Speed
mode.

6. Turn the Offset pot fully CCW.

7. Turn the Current Limit pot fully CW (minimum current).

8. Apply power to the VXA, either from the AC step-down
transformer or the DC source.

9. Check Fault Indicators.
A. If fuse blows the VXA has shorted components.
B. If the fault LED light3 the VXA has bad components.

10. If the fault Indicators are OK, make the following measurements
with the DVM:

A. Input Power Voltage
At. It using an AC input, check across TBi-3 and TBI-4

for proper AC voltage.
A2. If using a DC input, check across TBl-5 and TBi-6 for

proper voltage and polarity.

201



B. Logic Voltages
B1. Check for +15 VDC between TB2-5 and ground.
B2. Check for -15 VDC between TB2-6 and 'round.

ii. If above voltages are OK connect the DVM across Ri power

resistor (see Figure 1).

12. Enable the amplifier by putting a Jumper from TB2-7 to TB2-6.

13. Turn the Current Limit pot fully CCW to allow maximum current.
The DVH should read 0.8 VDC.

14. Turn the Offset pot fully CW, The DVH should now read -0.8 VDC.

15. Check Bus Voltage. With maximum current flowing check for
proper bus voltage by measuring across fuse Fi and ground

(TB2-2).

If the VXA passes all of the above checks it is operating properly.
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FIG. 1

CONNECTORS, ADJUSTMENTS, & JUMPERS

(*) SPEED 0- -CURRENT LIMIT

-o OFFSET0 SB-2 0

SR .R. COMP
TORQUE

EMF ' OMPENSATION

0 SB-i TACH ADJ.

TACH AIN

Fl

1 2 3 4 5 6 1 2 3 4 5 6 7

LED 1 L Fault Indicator

( *) Jumper should connect the center

pin and the appropriate mode pin.
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.. I I
INPUT POWER INPUT POWER * MOT

SOURCE 4 SOURCE4

D C + 3D C +
DCSOURCE - DcSORE-- .0 6

TB2

10 CURRENT + '0

2 GROUND COMMAND2 G
VOLTAGE -

COMMAND + .0 3 3

z(

TACM 4 -0 4

15 -15V 0 5-V
16 1 V-06 +15V

77

ZNA=L ENABIXE

VELDCITY RODE TORQUE MODE

finput power may be=A or BC# but NOT botE1.
When using AC power, isolation transformer
must be used. ,

YZG. 2

WZIZING DIAGRAMS
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SECONDARY

PRIMARY

15A 15A
(SLO) (SLO)

115 VAC INPUT

FIG. 3

3105 - 125 VAC 50/60 HZ LINE INPUT
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iniutt Per

TBl

SECONDARY

PRIMARY

IOA IOA
(SLO) (SLO)

230 VAC INPUT

FIG. 4

240 VAC 50/60 HZ LINE INPUT 207



2 GROUND 2 GROUND
10K 10K

3 3

4

A. 2-direction control B. 2-direction control
Tachometer Feedback EMF Sensi-ig

10KV._. _,- 10K14

R 5 -5V R -isv
6 +1V +15V

7 7

C. 1-direction control D. 1-direction control
Tachometer Feedback EMF Sensing

Rs 33K for Ferrite motors, 5K for Alnico motors. Also see text.

FIG. 5
Schemes for Controlling Speed with a Potentiometer

208

:$



478

r of

* 00

:1-.

InI

Mot AN
*;to 3 .q a a

3, I~ A
M~s....209



2 0 Rolext 
-. -

I 1602,

I tlI
.5 11 lilt?

3o Ti~jt-

1 iSM 41i .

4w1~ fai I
"At '~

(210



PRESSURE SWITCH AND

SENSOR EQUIPMENT

DATA SHEETS
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"""Transamenca
Delaval ~TRANSAMEICA DELAYA) INC -BRSALE CONTROLS DISION.321 FnWlan A".. P.O. BOX 58843.Los Mioeles. CA.roOSS.(2M3 589-I81

OPERATING CHARACTERISTICS * ORDERING DATA

PRESSURE SWITCHES -All values given in P.S.I. (Gauge)_____
DIS SINGLE SETTING Proof Adjustable Range Approx.

-IActuation D18 D2S(lest) Decreasing Increasing Vrlue Wetted Catalog Catalog
Preure~t Mini. Max. Mini. MAL. ((Cifferential) Material' Number Number

-~-3 .018 1.654 .064 1.7 .018 to .046 825' 015-HZ D2S.H2
3 .013 1.65 .068 1.7 .02 to .05 17.7PHl DIS*H2SS D2S-H2SS

10 .03 2.89 .14 3.0 .05 to .11 825 D18.A3 D2S-A3
10 ~ .03 2.85 .18 3.0 .07 to .15 17.7P1 DIS.A3SS D2S-A3SS

-1 6- 0 .4 17.80 .60 18.0 .1 to .20 825 D1S-HIS 02S*H18
6 0 .4 1.74. .6 18.0 .12 to .26 17.7PH D1S.H18SS D2S-H18SSS

LFZ ;.~~~ 160 .5 77.2 3.3 80.0 1.4 to 2.8 B25 D1S-ABO D2S-A8O
160 .5 76.6 . 80.0 1.6 to 3.4 17.7PH DIS-A8OSS 02S*ABOSS
300 1.5 144.8 6.7 150.0 2.2 to 5.2 825 015-AlSO D2S-A150
300 1.5 144.0 J7.5 1150.0 2.3 to 6.0 17.7P4 D1S.A1S0SS D2S-A150SS

02S OUAt CONTROL Approsmilate shipping weight lbs.L 1.5

VACUUM SWTCHES -All values given in inches of mercury (Gauge)
Proof Proof Adjustable Range Approx.

Actuation DIS 028(Test) (Test) Dec Vacuum Incr. Vacuum Value Wetted Calo CtlgVacuum Pesr ii Max. Mini. Max. (Differential) Mateia Number Number

6 10 PSI .06 5.8 .26 6.0 .09 to .20 B25 D1S.A3 DS.A3

6 10 PSI .06 5.72 .34 6.0 .14 to .28 17.7Pfl D1S*A3SS 02S-A3SS
DAA30 60 PSI .8 29.34 1.46 30.0 .4 to .66 825 DIS-H18 02841118

ELECTRICAL CHARACTERISTICS: All models incorporate Underwriters' Ilb.
oratories. Inc. listed single pole double throw snap-action switching ele-
ments. Electrical rating (continuous inductive) 10 amps 125 or 250 volts
AC, 3 amps 480 volts AC. Automatically reset by snap-action of switch. For
more details and other switch classes, see pages 36-38. WIRE CODING - PRESSURE WIRE CODING - VACUUM
ELECTRICAL CONNECTION: Circuit #1: Common - Purple Circuit #1: Common - Puiple
Switches may be wired 'normally open' or 'normally closed' to free leads Normally Closed -Blue Normally Closed -Red

approximately 18" long. Normally Open -Red Normally Open -Blue

Circuit #2: Common -Brown Circuit #2: Common - BrownPRESSURE (VACUUM) CONNECTION: 1/41 npt internal thread. 'A" npt avail. Normally Closed -Oange Normally Closed - Yellow
able stainless steel only add -1 2 to catalog number when ordering. Normally Open -Yallow Normally Open - Orange
ADJUSTMENT INSTRUCTIONS
Positive Pressure: Turn adjustment screw clockwise to lower actuation point
(switch setting).
Vacuum: Turn adjustment screw counterclockwise to approach 3tmospheric_..
pressure.

DIS swOUSTINo scai D2S 11zI }J2~ ex 511 E LTE
______ 116 snsUc & SLOTTED05-'~ 218

03500 (D)

1.750

I I \- 203 IA. (2 MOUNING HOtES) Note: All other dimensions for
I 5 12$.. SEE~5c NOTE D2S are the same es OlS

(left).

PRESSURE PORT

NOTE: MOUNTING 11ACKET MAY BEOITN Ol os) I?
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STransamerca
DelavalTRAWMERIA OELAVAL INC .BA.-WSALE CONTROILS 0M50304.-32111 FIwWI Ave.. P.0, Box 51843.10$ Angeits. CA 90058-(213) 589-6181

t

Housed Dir..hragm Models OPERATING CHARACTERISTICS * ORDERING DATA
Water-Tight Housing (NEMA 4)
Tamper-proof External Adjustment TPRESSURE SWITCHES-All values given in P.S.I. (Gauge)

Proof Adjustable Range Approx.Actuation DIN I  D2H

U 1  (Test) Decreasing Increasing Value Wetted Catalog Catalog
Pressure Min. Ma. Min. Max. (Differential) Material* Number Number

3 .01 1.654 .064 1.7 .018 to .046 825 D1HH2 D2H-H2
.018 .65- .068 1.7 .02 to .05 17-7PH D1H-H2SS D2H.H2SS

10 .03 2.89 .14 3. .05 to .11 B 25 DIH-A3 D2H-A3
10 .03 2.85 .18 3. .07 to .15 17.7PH DlH-A3SS D2H-A3SS

• 60 .4 17.80 .60 18. .1 to .20 B25 O1H-H18 D2H.mH8
I 60 .4 17.74 .66 18. .12 to .26 17-7PH D1H-H18SS D2H-H18SS

160 .5 77.2 3.3 80. 1.4 to 2.8 825 DIH-ASO. D2H-A80
160 .5 76.6 3.9 80. 1.6 to 3.4 17-7PH DIH-ASOSS D2H-A8OSS
300 1.5 144.8 6.7 150. 2.2 to 5.2 8 25 D1H-AI50 D2H.A150
300 1.5 144. 7.5 150. 2.3 to 6.0 17-7PH DIHAI50SS D2H-A15OSS

DIN SINGLE SETTING Approximate shipping weight lbs. 1.75 - 1.75

D2H DUAL CONTROL
VACUUM SWITCHES- All values given in inches of mercury (Gauge)

Proof Proof Adjustable Range Approx.
--es- Actuation DIH D2H

) Der. Vac. Incr. Va. Value Wetted Catalog Catalog
Vacuum Press. Min. Max. Min. Max. (Differential) Material Number Number

6 10 PSI .06 5.8 .26 6. .09 to .20 825 D1H.A3 D2H-A3
6 10 PSI .06 5.72 .34 6. .14 to .28 17.7PH D1H.A3SS D2H-A3SS

30 60 PSI .8 29.34 1.46 30. .4 to .66 825 D1H.H18 D2H-H18
30 60 PSI .8 29.2 1.6 30. .4 to .8 17.7PH D1H-H18SS D2H.H18SS

Approximate shipping weight lbs. 1.75 ( 1.75

08 25 Beryllium Copper, 17.7PH Stainless Steel

DETAIL DATA
ELECTRICAL CHARACTERISTICS: All models incorporate Underwriters' Lab-
oratories, Inc. listed single pole double throw snap-action switching ele.
ments. Electrical rating (continuous inductive) 10 amps 125 or 250 volts
AC, 3 amps 480 volts AC. Autcmatically reset by snap.action of switch. For WIRE CODING - PRESSURE WIRE CODING - VACUUM
more details and other switch classes, see pages 36.38. Circuit #1: Common - Purple Circuit #1: Common - Purple

ELECTRICAL CONNECTION: To free leads through Vz/" nps conduit connector. Normally Closed - Blue Normally Closed - Red
Normally Open - Red Normally Open - Blue

PRESSURE (VACUUM), CONNECTION: 1A" npt internal thread. 1/z" npt avail. Circuit #2: Common - Brown Circuit #2: Common - Brown
able stainless steel only add -P2 to catalog number when ordering, Normally Closed - Orange Normally Closed - Yellow
ADJUSTMENT INSTRUCTIONS Normally Open - Yeltow Normally Open - Orange

Positive Pressure: Turn adjustment screw clockwise tO lower actuation point
(switch setting). Switches Underwriters Laboratories and Factory Mutual listed for Fire
Vacuum: Turn adjustment screw counterclockwise to approach atmospheric Protection service request bulletin 690627.
pressure.

DIH D2H
ies3 DA IAON .2030I. (2 MOUNTING HOLES) - 2 ADJUSTING SCREWS 

5
,/S HEX & S.OTIED

A I t, LONG~) SEE NOTrE

2250 Note: All other dimensions forI1 (left).D2H are the same as D1H 4 e)

Z FREELADS

-- 3961---396
AD) SCREW IPRESSURE PORT

_rrC A HEX&
r__7V SLo(TTED

NiOTE MOUTING BRACKET MAY BE 937 1_
ROTATED 90* OR 180' rROM I [ -

FOSiTig," SOWN 11

L ]/z NPs CONDUIT CONNECTION
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ITransamerica
Del'aval TRANSAUERICA OEL.AVAI. INC.-BARKSDALE CONTROLS OMVSION4.3214' rrwoxn Ave.. P.0 Box SM43Los Angeles. CA 9005-213) 589-61B1

Stripped Bourdon Tube Models OPERATING CHARACTERISTICS * ORDERING DATA
PRESSURE SWITCHES-All values given in P.S.I. (Gauge)

Proof Adjustable Range. Approx.
(Test) Decreasing Increasing Acu Wt BIS 82

Value IWetted .Catalog CatalogPressure- Min. Max. Min. Max. (Differential) Material' Number Number
1500 50 1180 70 1200 tOto 20 Bronze B1.H12 - B2S-H12
1500 50 1173 77 1200 11to 27 316 B1S-A12SS B2S.A12SS
4000 160 3170 190 3200 15 to 30 Bronze BIS.H32 B2S-H32
4000 160 3161 199 3200 16'to 39 316 B1S.H32SS- B2S.H32SS
6000 240 4715 325 4800 40 to 85 316 BIS.A48SS B2S.A48SS

"*8125 325 6385 440 6500 54 to115 316 BIS.A65SS B2S.A65SS
: "15000 600 11450 1150 12000 275 to 550 316 BIS.A120SS B2S.A12OSS
'20000 600 17450 1150 180001 275 to 550 316 81S.AlIOSS B2S.A18OSS ,

Approximate shipping weight lbs. 1.5 1.5

BIS SINGLE SETTING *"Bronze" represents Phosphor Bronze Tube with SAE 88 Brass Socket
"316" represents 316 Stainless Steel Tube & Socket

""AMINCO" female opening for '1," OD tube connection. To change .A65SS and .A120SS
switches to 1/4, npt, add -P4 suffix to model number. Price addition required.

ELECTRICAL CHARACTERISTICS: All models incorporate Underwriters' Laboratories, Inc.
listed single pole double throw snap.action switching elements. Electrical rating (con.
tinuous inductive) 10 amps 125 or 250 volts AC, 3 amps 480 volts AC. Automatically reset
by snap.action of switch. For more details and other switch classes, see pages 37-38.

ELECTRICAL CONNECTION: Switches may be wired 'normally open' or 'normally closed'
to free leads approximately 18" long.

WIRE CODING - PRESSURE
Circuit #1: Common - Purple

Normally Closed - Blue
Normally Open - Red

Circuit #2: Common - Brown
Normally Closed - Orange

Normally Open - Yellow

PRESSURE CONNECTION: ',1, N.P.T. internal thread, except as noted", models with
B2S DUAL CONfROL Proof Pressures above 8,000 P.S.I. have "AMINCO" female opening for 1/A" O.D. tube

connection.

ADJUSTMENT INSTRUCTIONS
Turn adjustment screw clockwise to lower actuation point (switch setting).

BIS IrME I o~~ 4  
B2S WRE LEA~ ~

S 00(W.AJUST X ADJUSING SCREW$

eHU & SLOT1IMI I/'( H a, LO[D)CIRUIT *12

35(MAE) PANEL ThIiCKNES
Ir DOIA- _ N I [ F. pjrHeTh Note: All other dimensions for

82S are the same as BIS
/(left).
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Solid State Pressure sensors 1401160/240PC Series

ELECTRICAL CONNECTION NULL AND sENSIiV~Y SHIF
V~ftP9 Exlbo High levelpres'sure sensors are 100% sensor is not exposed to the entire

*stested to insure that the maximum null temperature range, the maximum null
VSand sensitivity temperature shift does a,,d sensitivity shift will actually be less

not exceed the s pecification. The dia- than the value specified.
gram~ below illustrates how null and This diagram indicates the tempera-
sensitivity shift relates to temperature. ture shift pertaining to a few listings.
Note that the maximum shift occurs at Maximum null and sensitivity shift varies
temperature extremes. Therefore, if a from listing to listing.

OUT

>RL Null and Sensitivity Shift (% F.S.O.)

142C15

NOTES
1Terminals; are labeled on the sensor.10
2Input and output share a common ground.

3. RL must be greater than or equal to 3000 OCohms. -5-0- 0114

SCALING OF 140PC SERIES SENSORS WITH 8V EXCITATION

.,1 '10 .5 01510 +5 1.3 .o
(OAg 5cIq) .14.71510 +14 PSIGj

tAb.o"uWcaI.) OPSIA +47 +07 +14 7P1A
P~ CVM $a Leve

1S2PC15A Absolute Vg = 5.9V at sea level & 1.OV with -14.7 psig
142PC30A Absolute Vo = 6.OV at 30 psia & 1.0V with -14.7 pslg
142PC15G Gage Vo 1.0V at 0 psig & 5.9V at 14.7 psig
141P015G Vacuum Gage V0 = 111V at 0 psig & 5.9V at -14.7 psig
143PC050 Differential V0 = 1.OV at -5 psig & 6.OV at +5 pslg
143P015D Differential %0=1.OVat-15pig &6.0Vat+15Psl2
NOTE, 141P0 sensors are scaled for greater p1 -ssure on the P1 side of the chip.
142PC sensors are scaled for greater pressure on the P2 side of the chip. The exception of this
is all absolute units.

Other scalings available upon request.
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240PC Series Solid state Pressure Sensors

ORDER GUIDE - 241/242PC SERIES

-+PRESSURE RANGE . ..

- ~CATALOG LISTINGS Port Seod 0-rkn MalaWal Dim-N

SiECIRCATIONS ftam

at 8.0 ± .01 VDC Excitaton e I. ty, (V)

25'C (unless otrwise noted) Ovemeu, mx. (Pel)
unwil, nmmx

Bed Ft StMght Line (%FSO.)
Null & Senelifl Shft (%F.S.O.)t

25' to-l8,2V to V C, max
FEATURES 2V t40 , 25-' to VC, ty
* Internal O-ring seals for contamina- Repeetebl & Hysere typ. (%Fa0.)

tion resistance
* Screw-in or flat-pack mounting
e Rugged aluminum housing ORDER GUIDE - 243PC SERIES

PRESSURE RMGE (pe'i"

MEDIA COMPATIBILITY CATALOG LISTINGS Port Sea 0-rng MhwlmI" Bunm-N

Pressure media will make contact with EUWISII propylen

the following: die-cast aluminum hous- SPECIFICATIONS Panameler
ing, 0-ring seal, silicon chip sensing at 8.0 ± 0.01VOC Excitation See" per pl y (V)
element, borosilicate glass, chip-to- 25°C (unless otherwise noted) Omw e mex. (psi)
glass tube bond* which holds silicon Uneet, max.
chip to borosilicate glass. Be Ft Slow Une 1P2>1P1

(%F.S.O.) P2< P1

*Uquid medias containing some highly ionic solu- Null & Senllst Shift (%F.S.O.) T

tions potentially could neutralize the chip-to- 250 to-10, 2r to W3C, mix.
glass tube bond. 25' to. 40, 25 to 85C, typ.

RUta y & Hyser", typ. (14.S.O.)

NOTE For additional specifications see 140/160/240PC General Specifications.

'-15 to 0 and -5 to 0 sensors are vacuum gage devices, all others are gage devices
S"un-N General use; petroleum products: freon 12 and others
Ethylene propylene Low temperature steam: phosphate esters; freon 22 and others

Other 3et materials available upon request
tTemperature Error

240PC CONSTRUCTION ILLUSTRATION fos
Rivets

Housing
Lawrimmed
thik film restors

-Duittcap

o0 nng sea

CF (hipi onim estl

Op snmp
o ring sal

Sealed end cap
Drive 216

-Housing cover

MICRO SWITCH, a Honeywell Division



Solid State Pressure Sensors 240PC Series

0 to-15 0 to -5 ( 0-5"-, 0-1S 0-30 0-0 0-00 C,150 0-250

241PC15G 241PC05G \ 242PC05G " 242PC15G 242PC30G 242PCOG 242PC100G 242PC150G 242PC250G
241FC15GS 241 PC05GS 242PC05GS 242PC15GS 242PC30GS 242PWM 242PC100GS 242PC150GS 242PC250GS

330 1.00 1.00 .330 .167 .083 .050 .033 .020
45 20 20 45 60 120 200 300 500

±1.5 ±1.5 ±1.5 t1.5 ±1.5 ±0.5 ±0.5 40.5 ±0.5

±1.0 ±1.5 ±1.5 ±1.0 ±1.0 ±1.5 ±1.0 ±1.5 ±1.0
±2.0 ±3.0 ±3.0 ±2.0 ±2.0 ±3.0 ±2.0 ±3.0 ±2.0

-+025 +025 ±025 ±-025 _.25 ±0.25 ±025 ±0.25 ±025

±25 _5 -1

243PC03G 243PCDSG 243PC15G
243PC03GS "243PCOSGS 243PC15GS

1.00 0.50 0.177
20 30 50

±1.50 ±1.50 ±11.50
40.75 ±0.75 ±0.75

±1.00 ±1.00 ±1.00
±1.50 ±1.50 ±1.50
+0.25 ±0.25 ±025

MOUNTING DIMENSIONS (For reference only)

560 -Leadwires
mm AX1 - Red, Vs
4 2- Black, Ground (-)

11 3 -Green. Output

_ ,=I
58.0

O 2.28MAX

300,0/12.00 Long Wira Leads -

MS(NI0) Fastener Clearance (4)

1/8-27 NPT Port (2)

15,0(19/32") Across Flats I
40.0law ' MAX

, _T 1 15-0 MAX

(pS217
(The reverse of this page is blank). CPO SWITCH, a Ponywell Lvision
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W or % NPZ r ADAPTER PR

INPs 1042e UHF 25 THREAD
fih I.= SC.

.. .3 ..: . . , .

SER]£S S 2-WAY & 3-WAY '- ---

Ch 0 4r , ( " J- 3w1-T '/ .. OUThINE AND MOUNTING DIMENSIONS
VA/, VP. 4iz-''. ofri<Ja /

BODY OICEVALVE NUMBER
TYPE PORTS OICEDIA. MOD. Cv FACTOR $.S. BODY BRASS BODY OPERATOR

N.P.T. BODY STOP P.O. BODY STOP GROMMET CONDUIT GROMMET CONDUIT GROMMET CONDUIT

;/8 1/32 1500 ,020 641010 642010 641110- 642110 641310 642310
2-WAY 18 3/64 1000 .050 641011 .642011 6411,11 642111 641311' 642311

NORM. CLOSED 1/8 1/16 500 .080 641012 642012. 641112 642112 641312 642312
DE-ENERG. 1/8 5/64 300 .120 "641013 642013 641113 642113 641313 .642313DF" 1/8 3/32 200 .170 I641014. 642014 '641114 642114 :641314 642314

S 1/8 1/8 150 .280 641015.•642015 641115 642115*.641315 642315
1/8 5/32 125 .395 641016 642016" 641116 6421"16 641316 642316

iw -- ouiT 1/8 3/1 75 500 641017" 642017 641117 642117 -641317 642317'
1/8 1/4 50 .750 j641018 642018 641118 642118 "641318 642318

1/4 1/32 1500 .020 651010 652010 •651110 .6521.10

ENERG. 1/4 3/64 1000 .050 .. 651011 652011 .651111 652111 . ...
1/4 1/16 500 .080 651012 . .'652012 .. 6511.12 . . 6521,12
1/4 5/64 300 .120 651013 ,652013. ":651113 652113 ' .
1/4 3/32 200 .170 651014 652014 651114 .,652114

1/4 1/8 150 .280 651015 652015. 651115 652115
S 1/4 5/32 125 .395 651016, i 652016 651116 .6521.16(

,in--otn 1/4 3/16 75 .500 851017.' 652017 *,651117, 6521"17 .,.
1/4 1/4 50 •750 .651018 652018 651118 652118" I

2-WAY 1/8 1/32 1000 .020 ' 641020 642020 '641120 ,642120 641320 642320
NORM. OPEN .1/8 3/64 800 .050 641021 642021 641121 642121 641321 642321

DE-ENERG. 1/8 1/16 400 .080 641022'" 642022 .641122' $-642122 641322 642322-

,k 18564 300 110 641023 642023 "'641123" 642123 -641323 642323
.,-L 183/32 200 .170 641024" 642024. 641124.•° 642124 I"641324 642324

/81/8 100 .240 641025 .•642025, 641125'" . .642125• I'•'641325. 642325

'---- 1/4 1/32 1000 .020 651020 :"652020" 651120 652120 - 651320 652320

ENERG. 1/4 3/64 800 .050 . .651021 252021 - 651121 '" 652121 '651321 652321D1/4 1/16 400 080 651022 .652022 651122 652122 651322 652322,
1/4 5/64 300 ,110 651023.', .652023.. 651123 "652123 :'651323 .652323
143/32 200 .170 . 651024. 652024- 651124-" i 652124 651324 652324

,N:-- 141/8 100 .240 651025' 652025 651125 , 652125 651325 652325

m 7i

3-WAY 1/8 1/32 1/32 400 .020 .020 641030 642030 I 641130 642130 641330 642330
NOt1/8 3/64 3/64 300 .050 .050 641031 642031. 641131 642131 - 641331 642331

1/8 1/16 1/16 200 .080 .080 641032 642032. 641132 642132 641332 642332
1/8 5/64 5/64 175 ,120 .110 641033 64203 641133 . 642133 641333 642333
1/8 3/32 3/32 150 .170 .170 .641034" 642034 641134 642134 641334 642334

DE!EEG. _1 __430 .2 403 621 611 413 611 621

./81/ 8 1/8 100 .280 .240 :641035 642035 641135 642135 641335 6423351

1/8 5/32 18 50 .395 .240 641036 642036' 641136 - 642136 ' 641336 642336"
70 - 1/8 3/16 1/8 35 .500 .240 641037 642037 641137 642137 641337 642337'

1/8 114 1/8 VAC. .750 .240 ,.641038 '642038 . 641138 642138 641338 642338

1/4 1/32 12 400 .020 .020 . 651030 652030 -. 651130 . 652130 .

ENERG. 1/4 3/64 3/64 300 .050 .050 .:,651031 65203 ".651131 652131 '

-. 1/4 1/16 1/16 200 .080 ,080 "'651032. 652032: "651132 652132- . .

. T '.. 1/.4. 5/64 300 7 .2 .120 6510133 6520,1 :6511 652-133 ,!

1/4 3/32 3/32 1500 .170 651034 652034 614 "652134
1/4 1/8 1/8 100 .280 .240 '651035 652035 651135 • '-652135

114 5132 1/8 50 .395 .240 651036 652036 651136 652136 . ...
,..i'.. 1/4 3/16 1/8 35 .500 .240 651037 . 652037. 651137 - 652137 2

1/4 1/4 5/8 VAC. .750 .240 65108 652038", " 651138 652138

2-A 11 1/3 100 .02 6402 642020 _____ _ -612 -410 6130 622

NO E 1/8 3164 80 .05 6402 6420- 6411 6211 6121 622



R 1.: 8 3-WAY

BODY VALVE NUMBERTYPE PORTS ORIFICE DIA. M.O. Cv FACTOR S.S. BODY BRASS BODY OPERATOR

N.P.T. BODY STOP P.D. BODY STOP GROMMET CONDUIT GROMMET CONDUIT GROMMET CONDUIT
I - --- m.....m . ,n

3-WAY 1/8 1/32 1/32 400 .020 .020 641040 642040 641140 642140 641340 642340
NORM.CLOSED 118 3!64 3/64 300 .050 .050 641041 642041 641141 642141 641341 642341

LINECONN. 1/8 1/16 1/16 200 .080 .080 641042 642042 641142 642142 641342 642342
DE-ENERG. 1:8 5;64 5/64 175 .120 .120 641043 642043 641143 642143 641343 642343

cM. 118 3132 3/32 150 .170 .170 64104 642044 641144 642144 641344 642344
1/8 1/8 1/8 100 .280 .240 641045 642045 641145 642145 641345 642345

118 5/32 1/8 50 .395 .240 641046 642046 641146 642146 641346 642346
1/8 3/16 1/8 35 .500 .240 641047 642047 641147 642147 641347 642347

IN - L 1/8 114 118 VAC .750 .240 641048 642048 641148 642148 641348 642348

114 1132 1/32 400 .020 .020 651040 652040 651140 652140 651340 652340
ENEAG. 1/4 3/64 3/64 300 .050 .050 651041 652041 651141 652141 651341 652341

114 1/16 1/16 200 .080 .080 651042 652042 651142 652142 651342 652342
E. 1/4 5/64 5/64 175 .120 .120 651043 652043 651143 652143 651343 652343

14 3132 3132 150 .170 .170 651044 652044 651144 652144 651344 652344
1/4 1/8 1/8 100 .280 .240 651045 652045 651145 652145 651345 652345
114 5/32 1/8 50 .395 .240 651046 652046 651146 652146 651346 652346

IN -L 1/4 3/16 1/8 35 .500 .240 651047 652047 651147 652147 651347 652347
1/4 1/4 1/8 VAC. .750 .240 651048 652048 651148 652148 651348 652348

3-WAY 1/8 1/32 1/32 400 .020 .020 641050 642050 641150 642150 641350 642350
NORM. OPEN 1/8 3164 3/64 250 .050 .050 641051 642051 641151 642151 641351 642351

1/8 1/16 1/16 200 .080 .080 641052 642052 641152 642152 641352 642352
OE-EN!RG. 1/8 5/64 5/64 175 .120 .120 641053 642053 641153 642153 641353 642353

1/8 3/32 3/32 150 .170 .170 641054 642054 641154 642154 641354 642354
4" 1/8 1/8 1/8 100 .280 .240 641055 642055 641155 642155 641355 642355

1/8 5/32 1/8 50 .395 .240 641056 642056 641156 642156 641356 642356
1/8 3/16 1/8 35 .500 .240 641057 642057 641157 642157 641357 642357
1/8 1/4 1/8 VAC., 750 240 641058 642058 641158 642158 641358 642358

1/4 1/32 1/32 400 .020 .020 651050 652050 651150 652150 651350 652350
ENERG. 1/4 3/64 3/64 250 .050 .050 651051 652051 651151 652151 651351 652351

1/4 1/16 1/16 200 .080 080 651052 652052 651152 652152 651352 652352
IN 1/4 5/64 5/64 175 .120 .120 651053 652053 651153 652153 651353 652353

1/4 3/32 3/32 150 170 170 651054 652054 651154 652154 651354 652354
1/4 1/8 1/8 100 .280 .240 651055 652055 651155 652155 651355 652355

.,n 114 5/32 118 50 .395 .240 651056 652056 651156 652156 651356 652356
UE...----.CYL 1/4 3/16 118 35 .500 .240 651057 652057 651157 652157 651357 652357

1/4 1/4 1/8 VAC. 750 240 651058 652058 651158 652158 651358 652358

3-WAY 1/8 1/32 1/32 400 .020 .020 641060 642060 641160 642160 641360 642360
MULTI-PURPOSE 1'8 3/64 3/64 200 050 .050 641061 642061 641161 642161 641361 642361

1/8 1/16 1/16 175 .080 .080 641062 642062 641162 642162 641362 642362
DE-ENERG. 1/8 5/64 5/64 150 .120 .120 641063 642063 641163 642163 641363 642363

t.o. 1/8 3/32 3/32 125 .170 .170 641064 642064 641164 642164 641364 642364
1/8 118 1/8 70 .280 .240 641065 642065 641165 642165 641365 642365
1/8 5/32 1/8 40 .395 .240 641066 642066 641166 642166 641366 642366
1/8 3/16 1/8 25 .500 .240 641067 642067 641167 642167 641367 642367

H.C."- Com. 118 114 118 VAC. 750 .240 641068 642068 641168 642168 641368 642368

1/4 1/32 1/32 400 .020 020 651060 652060 651160 652160 651360 652360
ENERG. 1/4 3/64 3/64 200 .050 050 651061 652061 651161 652161 651361 652361

1/4 1/16 1/16 175 .080 .080 651062 652062 651162 652162 651362 652362

m.a. 114 5/64 5/64 150 .120 .120 651063 652063 651163 652163 651363 652363
' 1/4. 3/32 3/32 125 .170 170 651064 652064 164 652164 651364 652364

1/4 1/8 '/8 70 .280 240 651065 652065 65165 652165 651365 652365
1/4 5/32 118 40 .395 240 651066 652066 651166 652166 651366 652366

.c-. o. 1/4 3116 1/8 25 500 240 651067 652067 651167 652167 651367 652367
1/4 1/4 1/8 VAC, 750 .240 651068 652068 651168 652168 651368 652368

-- -21221 (The reverse of this page is blank).
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GENERAL INFORMATION

The V800A UNIVERSAL CAMERA BREAKOUT BOX HAS
been designed to allow the use of any video camera
having either 10 or 14 pin connectors with any home
video cassette recorder. This unique device is ideal for
all types of in-home taping in situations where use of
a portable VCR is either not available or not desired.

INSTALLATION
For an illustration of the following staps, see diagram on page 3

Step 1. Install 10 or 14 pin connector from video camera onto the corresponding
10 or 14 pin jack of V800A.

Step 2. Using the two RCA-RCA cables (included), connect the video ouput jack
of the V800A to the video input jack of VCR, Connect the audio output
jack of V800A to the audio input jack of VCR.
*For Beta VCR's, use RCA-MinI Adapter (included) for audio connections.

NOTE: We have included a remote pause cable which will allow you to active
your VCR's pause by means of the camera trigger. This feature will oper-
ate with 10 pin camera and VHS V:2R combinations only. (Follow
Installation Instructions Step 3) This feature will not function with the

following equipment:
10 pin camera/Beta \CR

14 pin camera/Any VCR
(Follow Installation Instructions Step 4)

Step 3. Connect the 2.5mm to 2.5mm cable (included) from the Remote Pause
Jack of the V800A to the corresponding Pause Jack on your VHS
recorder. '

Step 4 Install your VCR remote pause control into the remote pause jack of VCR
NOTE: Since all home VCR's come with a remote pause control, we have not

included this item with the V800A. If you have lost or misplaced the
pause control, use Recoton Part #V327 as a replacement.

Step 5 Insert 3.5mm plug from AC adapter into the AC input jack on the rear of
V800A, plug AC adapter into a 1 10V AC socket.

Page 2
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VOCAMIRA

ACAOAPTEn

C4. 110. AC

OPERATING INSTRUCTIONS
Step 1. Insert a blank video cassette into VCR, Turn VCR power on.
Step 2. Turn V800A power on.
Step 3. Press record button on video camera.
Step 4. Set remote pause control to pause, by either pressing camera re-

mote trigger if camera and VCR are compatible or utilizing
VCR's remote pause control if compatibility does not exist.

Step 5. Release pause control and begin recording.

FUSE REPLACEMENT

Should the V800A cease to operate, the probable cause will be a blown fuse. To
inspect fuse, unplug AC adapter from the wall AC outlet and remove the fuse
holder cap on the rear of V800A.
Visually inspect fuse, if filament is broken, replacement will be necessary.
Replace only with a 2 amp 3 ag fuse.
Caution: Failure to remove AC adapter from wall outlet when inspecting/replacing

fuse can cause a severe electrical shock.

226 Page 3
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ONE YEARLIMITED WARRANTY
Recoton Corporation (the Company) warrants to the original retail purchaser of
this product that should this product or any part thereof be proven defective in ma-
terial or workmanship within one year from the date of original purchase, such de-
fects will be replaced without charge for parts or labor.
To obtain replacement within the terms of this warranty, the product should be de-
liver&, transportation prepaid, to the Dealer where purchased or to the Company
at the address shown below along with proof of date of purchase.
This warranty does not apply to any product or part thereof which has been dam-
aged through alteration, mishandling, misuse, neglect or accident.
This warranty is in lieu of all other warranties, expressed or implied, and no person
or representative is authorized to assume for the Company any other liability in
connection with the sale of this product.
Some states do not allow limitations On how long an implied warranty lasts or the
exclusion or limitation of incidental or consequential-damage so the above limita-,
tions or exclusions may not apply to you.
This warranty gives you specific legal rights and you may also have otlier rights
which vary from state to state.

RECOTON CORPORATION
46-23 Crane Street

Long Island City, N.Y. 11101

Copyrighted © 1985 By 227
Recoton Corp. LIC NY 11101 Made and Printed in Taiwan
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RECEIVER CONTROL AND INDICATOR EtUNCTIONS

THUMBWHEEL Channel frequency selection by number.

RCL/Vid Receiver Level/Video Level, switch
controls meter function.

ON/OFF Switch turns receiver ON or OFF.

Crt. Brkr Circuit breaker (.5A) prevents AC
overload, press to reset.

Meter Monitor receiver and video level only.

RCL/Vid Receive level/Video Level, switch to
monitor.

SYN/Alarm Red inicates synthesizer is off
frequency: (not operational with
crystal frequency control.)

RCL/Normal LED Red: With no RF input.
GRN: With greater than -75 dBm

RF IN.

PWR AC/DC indicates power on,

connector, Cannoh KPT 06F-10-6s

Audio 1 Connector XLR, 10 dBm Line Level

Audio 2 Connector XLR, 10 dBm Line Level

Mon Monitor, connector BNC

Video Connector BNC

Antenna Connector "Type N'

230



--?nI- .

.2W Transmitter Control and :ndicator Functions

ON/POWER

(Power switch) Switch turns transmitter ON or OFF

THUMBWHEEL Selects channel frequency by number

PWR/LED Power; yellow indicates transmitter ON

AFC/LED Automatic frequency control, RED indicate:
transmitter is off frequency

POWER DC, Connector (Cannon KPT06F-1O-6S)
Pin A N/C
Pin 3 Video-IN
Pin C Video-Mon
Pin D Common Grad, -12 VDC/Shields
Pin E Audio 2
Pin F +12 VDC

AUDIO 1 Connector MB , Microphone level with AGC
(Automatic Gain Control)

ANTENNA Connector (Type"SMA")

L3 13 1RF
92582

231 A
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MODEL 200 Two-Axis with Pushbuon Joysck Assemblies
The Model 200 Joystick is a two-axis joystick with a push are brought through the center of the stick shaft and out the
button switch mounted in the stick handle. The switch is a back of the housing below the mounting surface. These
single-pole/single-throw switch. There is a choice of push- assemblies are provided with a two-piece textured front-
button housings: small and large. The only difference mounting bezel for ease of installation. The rubber boot seal
between the two other than size is the switch life cycle which can also be used (optional). The push button and the hous-
is 250,000 cycles and 10,000,000 cycles for the small and ing both come standard black in color. Other colors are
large pushbutton housings respectively. The switch leads available (contact factory).

PUSH 8UTTON
I TRAVEL

2.91
2.10 

1.53 DIA]

2.98 12.001

.7414,,,.25 1 -BEZEL

:26AWG 119X40)
TEFLON INSULATION
12.00 LONG 2 WIRES

MODEL 300B (New Design)' Three-Axis Joystick Assemblies

0I t ---N The new Model 300B is a two-axis joystick
I

' 9
eQO

T
AION with a spring-return-to-center textured knob

/ on the stick handle providing the third axis.
_-__'__ "A CRV-16 5k ohm, 1 watt potentiometer

housed within the knob can be rated a total
, cf 200- or 450 in each direction from design

.-1,44 DA center. 4 oz. in./Ilbs. of torque will initiate the
, L,-- 1.61 DA rotation of the knob. Three wire leads are

__Z__ 1-- _ I . brought through the center of the stick shaft
1A .03--l similar to the Model 200 assemblies. A two-

- Ipiece mounting bezel is provided for ease ofill - [ t .o I Iinstallation, but the rubber boot seal can also
. be used (optional).

The Model 300B control knob is a double-
scissor and extension-type spring action with

, POTe-TMETERS 40" positive stops. This concept is similar to our
- ,2OOLO%,S ' WIRES X, Y movement of the joystick which has

proven to be trouble free.

MODEL 400
Three-Axis Joystick with Pushbutton Switch . , -.:

The Model 400 is similar to the Model 300 r
with the addition of a pushbutton switch ,..
located on the end of the control knob. The
switch provides a tactical and audio feed- -

back. The switch is normally open, single
pole/single throw, 500,000 life cycles and
rated at 500 MA at 12VDC. Five wire leads -. -r
are brought through the center of the stick
shaft similar to the Model 200. - ".'

CH Products * 1225 Stone Drive * San Marcos, California 92069 - 6191744-8546
234
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PLEASE NOTE: (0) (i)
The following optional features will vary depending on perty Testlo. Uns Nyfon knlon
the joystick type (Standard or Miniature). See page 8 for
details on availability of features and ordering information. . Tensil Strength' D638 PSI 11,200 9,000

Flexural Modulus' D790 PSI 175.000 600.000
Flexural Strength' D790 PSI 175,000 21,500
Izod Impact Strength' D256 ft.lb./in. 2.1 .7
Hardness (Rockwell) D785 - R108 R121
Flammability UL942 - 94V-2 94HB

All CH Joysticks are constructed with four different corn- NoWe: Changes with Temperature and Relative Humidity. Data
binations of plastics, which is a necessity in order to Based on 73"F and 50% RH.
reduce friction oh bearing surfaces. However. 75% of the 2Underwriters Laboratory Test.
joystick itself is for structural and environmental reasons.
This is why we offer you the choice of Nylon or Minion for.
these structural parts. The chart at the right will provide
some of the key properties of both plastics:

MOUNTING BEZELS
There are a variety of front- or rear-panel mounting bezels Note: The Model 100 assemblies can use any of the bezels
available all with a textured finish. A new Square Snap-on shown. Model 200, 300 and 400 assemblies are pro-
bezel (Option Q) and Round Snap-On Bezel (Option U) are vided with split bezel (Option C) or mounting boot only
also available which mount frcm the front, and the screws (Option L).
are covered up with the snap-on ring. Mounting screws are
included with each unit.

STANDARD JOYSTICK MOUNTING BEZELS AND MOUNTING CUTOUT DIMENSIONS

A- Round Bezel C- Split Bezel F- Square Bezel L- Rubber Boot Kit 0- Square Bezel
Textured (FM) Textured (FM) Textured (RM) & Mounting Ring Snap-on (FM)

FM- 12S OIA Textumd(FM)
RM- 172 CIA THAU

-1.160-j HOLE

.693 .663
I. , ./ .

Notes: (FM) Front Mout Bezel ,.- .2

(RM) Rear Mount Bezel "' .093Es - :__ LSTH

Z;RIM ADJUSTMENT '--POTENTIOMETER MOUNTING CUTOUT FOR ROUNID BEZELS

OPTION CUTOUT (TYPI AXIS TTYPi
MOUNTING CUTOUT FOR SQUARE BEZELS

MINIATURE JOYSTICK BEZELS AND MOUNTING CUTOUT DIMENSIONS
.093 CIA 1HRU".156 0A THAUW, .4 HOLES/'

4 MOLES,

.00 4 OE HOLES
. AL...-. -635-635-4

---- 0
-- ,635

THRU 4-218 DiA " ' 625 DIA
THRU THRU

C-Spht Beze/ F- Squae Bezel MVUNIN, CUTOUT FOR MOUNTING CUTOUT FO
Textured(S) Textured (11M) SQUA BEZELS SQ. SNAP.ON SEZEL ROUND BEZELS

CH Products • 1225 Stone Drive • San Marcos, California 92069 - 619/744-8546
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* Joystick Controllers
Multi-directional, multi-pole switching assemblies consisting of Burgess
Miniature or Sub-Miniature Micro Switches actuated by the manual movement
of a single column. They offer positive, convenient, space-saving control in
many industrial situations; suitable assemblies, for example, are available for
use on machine tools and presses, fork-lift trucks. cranes and earth-moving
equipment, bus doors and railway signalling. Available facilities include
momentary and latch-in action, and a safeguard against accidental operation.

Ordering References The ordering references of 40 standard assemblies are tabulated overleaf. Ordering
references consist of the range symbol 'J' followed by eight digits which describe the
facilities provided in the following manner

Typical Ordering Reference: J74,321, 213

1st digit: mounting plate size: 6th. 7th and 8th digit: type of
7 Micro Switches fitted. E.g.7=Q60mm 113 = Burgess VCSP
/ 213 = Burgess V4T7

2id digit: number of gates
2 = 2 gates at opposing points
4 = 4 gates at 900 intervals

3rd digit number of Micro Switches
per gate

4th digit: type of action1 = Momentary

2 = latch-in

5th digit: type of operation
1 = normal
2 = lift to operate

The Range All assemblies (a' the standard range conform to the same general design but differ in
respect of the switching and operational facilities incorporated. The composition of each
assembly is indicated in the table overleaf.

Insert Switches Two types of Burgess Micro Switches are used in Joystick Controllers:
V4T7 - sub-miniature units. Maximum current rating 5 Amperes.
VCSP - miniature units with maximum current rating 10 Amperes.

Refer to back page for full details.

",, Gates Assemblies are available with eitl.er two or four gates, into which the control column may
be moved from its central 'off' position. Two gates are arranged opposite each other (i.e.
North and South) and four gates are arranged at the cardinal points.

Switches per Gate One, two or three sub-miniature Micro Switches V4T7 or one or two miniature Micro p
Switches VCSP may be mounted at each gate. When two or more switches are fitted they
are actuated sensibly together when the control column is moved into the gate.

Burgess Data Sheet 526 Issued February 1984
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Actloinv Either momentary or khic-n asemblie are available. Wui the former facility. the
control column wi remain at a gate only so long as it is held there. The latch-in facility
means that the control column will remain engaged at a gate until it is manually released.
In both cases when the control column is free to move it is biased tow"d fth cenra off'

Operation C' oose asserme with either normal or it operation. With the former the control
column will move without hinderance into any gate. The latter providles-a safeguard
againstaccidental operation; the control column must be lifted before it can be moved into
any gabe.

Sealing AN units are panel sealed by virtue of a neoprene cowl and an'& rin under t bezel.

Joystick Controllers Schedule Nube Swtce Tyeof Oclr
of Gates Per Gate Operation Moet aryAcioni~ Lath-in ActioR

V4T7 Normal J72.111,213 J72,121.213
Sub-miniature 1 Lift J72,112.213 J72.122.213

2 2 Normal J72.211.213 J72.221.213
2 2 Lift J72.212.213 J72.222,213

Normal IJ72,311,213 J72.321,213
3.... Lift J7,1.1 J72.322.213

1 Lift J74,112.213 J74,122.213
Normal J74,211,213 J74,221,213

4 2 Lift J74.212.213 J74,222.213
Normal J74,311,213 J74,321.213

S Lift J74.312.213 J74.322.213

VCSP 1 Normal J72,111,113 IJ72,121,113
Miniature 1 Lift J72,.11Z 113 JJ72,122,113

2 - Normal J72,211,113 IJ72.221,113
2 Lift_ J7.22,1 J72.222.113

1 Normalr J74,111,113 J74.121. 113
Lift J74,112.113 J74,122,113

4Normal J74,211,113 IJ74,221,113
2 Lift jJ74.212.113 J74.222,113

Construction Dat The main frame moulding, which houses the mechanism and on which all the switches
are mounted, is made of tough glass reinforced plastic. A plated steel control stick,
capped by a substantial plastic knob, passes through a flexible cowl and intemally-
threaded bezel and on through an aperture in the externally-threaded mounting boss.
Within the mechanism is a spherical pivot which, in conjunction with the gate moulding,
defines the movement of the stick.

Other components impose a centralising action and also, if required, a latching action can
be specified.

At the back of the unit, the stick is surrounded by a cylindrical actuator moulding.
Movement of the stick causes the actuator to be displaced sideways, the curved outer
surface of which serves to depress the switch plungers to achieve the required switching
function.

Full sealing across the mounting panel is achiev-d by the convoluted elastomei., cowl
around the stick and an O0' ring fitted to the underside of the bezel.

Mounting facilities are completed by four jacking screws in the main frame moulding.

Further Options Assemblies can be made available with many different options including silicone rubber
cowls and '0' rings for use at temperatures down to -500C; one or three gates in lieu of
the standard two or four, a full Istirring action' in which no gates are provided and the
control column will operate two gates simultaneously in the 45* positions. Latching action
can also be specified in any of up to four drectons. Furthermore, the assemrblies may be
fitted with a variety of insert switches including the W4S (a sealed variant of the V4T7), the
E2V3S (a BASEEFA Zone 2 variant of the VCSP). the E1V3C (a BASSEFA Zone 1
variant of the VCSP) and combinations of the VCSP giving a sequenced operation at
each gate.

Burgess should be consulted about th'se or other variants.
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ORIENTATION GROOVE 2.-5 1.4 DEEP (Me6x .055) 4JACKING SCREWS FLEXIBLE INSULATORS

PANEL THICXNESS 1.0 TO 6.35

(.04) (.25)

I-SMN 6MAX 36.5 MAX _____.5 ___

(06) (26) (1.44) (2.15)

TYPICAL V417 ARRANGEMENT (J74/211/213 SOWN) SAG-M fIVI~j

ORIENTATION GROOVE 2.5 x 1.4 DEEP (.096 x .055) 4 AKN CESFLEXIBL INSULATORS
AT NORTH POSITON

PANEI.THICX(NESS 1.0 TO 63
(.04) (2)

(.06) (2.6) (1.41) (2.60)

TYPICAL VCSP ARRANGEMENT (J74/211/113 M-40WN) AM

Installation & Service DaaAll assemblies are suitable for panel mounting and require a single hole of 22.5 mmi
Montn Rconti (0.89 in) diaineter.The screwed boss should be inserted through this hole fromn behind the

panel. The bezel should be screwed onto t boss until it is finger tight. Screw in the four
lacking screws, moving each one in turn a little at a time in order to maintain equal
pressure. In this way they not only provide a panel thickness adjustment but they also lock
the assembly to the panel In a secure fashion. Fnally, the plastic knob is fitted by slipping
over the control stick and pushing firmly into position.

Connections V4T7 and VCSP Micro Switches are provided with solder tag terminals, pointing
outwards for easy accessibility. When solering avoid overheating any part of te switch
case or insulation.

Temperature Range Continuous working recommended limits are - U0r and 7000.

Mechanical Wfe .lInexcess of 500,000 operations.

Service Recormmndtions Keep reasonably clean and free of paint, especially around the Micro Switches.

239



Insr StfWith The too tnW in the standard range If Joytci Controllers ame both single-pole.
chanigeove models exhibiting the desiable properties of a "on mechaical life and
snap~action even unrKW W codtOof Slow pluniger actuatin.

V4T7 Sub-miniature switch with solder tag termirials. Environmental protection of the
mechanism is generally in accordance with IEC Code lP40. Approvals include BEAB.
OSA. DEMKO, NEMKO. SEMKO. SEV, UtL and VDE-apply for details.

VCSP V3 miniature switch with solder tag terminals. Envirornental -protection of the
mechanism is generally Wnaccordance with IEC Code 1P40. Approvals include BEAS.
CSA. DEMKO. NEMKO, SEMKO. SEV, U.L. and VDE -apply for details.

Recnuended Maximum
Currnt Rting V4TSwitch

Voltage I emv Tungsten Lamp Load Inductive
Load NC - NO Load

AC
125 5 0.5 0.5 5
250 5 0.5 0.5 5
0C

Currer nAmpeme Up tolS5 10 3 1.5 10
30 5 3 1.5 3

NO = Normelly Open 50 1 0.7 0.7 1
NC= Noirmally Closed Teirminals 75 0.75 0.5 0. 0 0.5

125 0.5 0.4 0.4 or.0
250 ,0.25 0.2 02j 03

VCSP Switch MMJI
Voltage Resistive Tungsten Lamp LoadlInductive

Load NC - NO ILoad
AC
ill' 10 2 1 10
250 10 1.5 1 10
DC

Up tol 5 S1 3 1.5 15
30 10 3 1.5 10
so 3 0.8 0.8 2.5
75 1 0.6 0.6 0.5

125 0.5 0.5 0.5 0.07
250 ,0.25 0.25 0.25 ,0.03

Cross References PsButnSwitching Assemblies. with plain buttons or illuminated screens - see

It is intended that Burgess General Information Sheet DS1 00 should be read in
conjunction with this Data Sheet.

Burgess S011witch Company Inc. 7
Pntduin an y Ao Pwft O n. P.O. Box 1186, Northbrook, Illinois 60062, USA -WasiMMga Ty1*&WearNM39OA. Teehn(3229170elx06 4
OS526'2OMeepoe 32)21-70 Tle 067
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